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THE TECHNOLOGIST IN 
THE UNIVERSITIES 


tT storm of enthusiasm for scientific 
and technical education has died down 
and the more normal lull in popular interest 
has returned. The Government itself, having 
produced its proposals for Colleges of 
Advanced Technology, appears to be relying 
on the bulge in the school leaving population 
which will start to grow in 1957/58 to produce 
about half the new students who will fill 
them and the university faculties. Even 
this, however, may be wishful thinking if 
the trends disclosed in the latest returns 
from universities and university colleges, pub- 
lished by the University Grants Committee, 
and some information disclosed in the House 
of Commons about technical college recruit- 
ment are any guide to the future. 

The total number of full time students 
at universities in 1954/55 was 81,705, an 
increase of 1,103 over the previous year 
but nearly 4,000 lower than in 1952/53. Of 
these, 70,877 were reading for a first degree 
or diploma, and another 3,070 part-time 
students were also doing so. In the analysis 
of subjects studied the figures are given for 
the total numbers and for advanced students, 
but by far the more important figures in 
the immediate context are those of students 
reading for their first degrees. It is possible 
to arrive at these figures from the information 
given and the proportions are extremely 
disturbing. Between 1953/54 and 1954/55 
the proportion reading Arts had risen from 
45-3 per cent. to 45-7 per cent.; pure 
science from 19-9 per cent. to 20-1 per cent.; 
and technology from 12-6 per cent. to 
13-2 per cent. Of new entrants in 1954/55, 
who were about 3,000 more than in the 
previous year, arts faculties received 46 per 
cent.; pure science, 21:7 per cent., and 
technology, 14-3 per cent; medicine and 
dentistry being the main losers. There is 
no sign here of a radical change of interest 
in university students. 

In the House of Commons, the Parlia- 
mentary Secretary to the Ministry of Educa- 
tion gave some depressing figures on the 
number of full-time and sandwich course 
students in the London Polytechnics. Be- 
tween 1949/50 and 1954/55 the number of 
full-time students in engineering and science 
had fallen from 6,307 to 5,482; although 
those in part-time day courses had risen 
substantially. In 1954/55 there were in 
London 170 students attending six sandwich 
courses in mechanical and production engi- 
neering and the number rose to 249 last year 
and is expected to be doubled this year. 
In the country as a whole there are in exist- 
ence tc-day 107 sandwich courses at all 
levels and the Minister of Education is 
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considering applications for 34 additional 
courses to begin next session. 

It is important to be clear about the levels 
and types of courses that are required and 
what are, in fact, being provided. There is 
general agreement that professional engineers 
need to-day full-time or sandwich course 
education and that part-time courses are 
quite inadequate. There is also agreement 
that the numbers at present receiving educa- 
tion of this standard are woefully too small 
and it is to correct this that the Government's 
educational plans are supposed to be largely 
directed. The plans for sandwich courses 
at Colleges of Advanced Technology have 
been fairly fully disclosed and so have those 
for the enlargement of the Imperial College, 
the Manchester College of Technology and 
the engineering faculties at some other 
universities. The full details of university 
provision must await the proposals of the 
University Grants Committee after they 
have examined the estimates submitted 
by the universities, which will not be pub- 
lished until next year. Under the pressure 
of public opinion even that home of lost 
causes, Oxford, is to expand its teaching of 
science and engineering from its present 
proportion of 18 and 14 per cent. respec- 
tively, but there is a danger that some 
universities may consider that they have 
done enough and that informed opinion 
will in future be satisfied with the Govern- 
ment’s plans for the technical colleges. 

This is by no means the case for a number 
of reasons. First of all the new Colleges of 
Advanced Technology have to build them- 
selves up to the university level which is 
envisaged in the award of the new Diploma in 
Technology. The very form of education 
chosen, the sandwich course, has to prove 
its value when employed on the scale pro- 
posed and, inevitably, will be found more 
suitable for some students and some courses 
than others; so that education in a university 
will continue to be the main system for the 
majority of top level engineers, especially 
those engaged in research, development and 
design. When numbers are being considered, 
it must be remembered that the Government’s 
most publicised proposal, the doubling of 
the Imperial College, will make little contri- 
bution as it is almost entirely in post-graduate 
work. What is urgently needed is more 
entering technology for the first time. 

What is taking place in the universities 
might be less depressing if there were any 
signs that, except at the University College 
of North Staffordshire, anything were being 
done to break down the increasing specialisa- 
tion and, in particular, the separation between 
the arts and the sciences. If one could be 
sure that most schoolboys and schoolgirls 
and most university students, although not 
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at first specialising in the scientific subjects, 
had at least enough understanding of them 
to be able to change their minds later on or 
to discuss their problems intelligently with 
their scientific colleagues, the situation might 
not be so bad. 

&* * 


Plain Words 


Can we compete with subsidised trade fair 
programmes, or should we? The partici- 
pation of the United States in international 
trade fairs has now been recognised by 
Congress as a “ permanent continuing 
activity.” Two years ago President Eisen- 
hower withdrew 2-2 million dols. from his 
emergency fund and told the Department of 
Commerce to get on with the preparation of 
exhibits ‘“‘ to put the U.S. in the best possible 
light overseas.” The U.S. Government were 
disturbed at the progress made by the 
Communist countries in winning support by 
their assiduous attendance at every inter- 
national fair. The following year—ending 
June 30, 1956—Congress voted 2-8 million 
dols. for the purpose. This year the sum is 
3-7 million dols. 

So far the U.S. Commerce Department’s 
aims, stated bluntly, have been “to display 
American products and methods and the 
American way of living, and to suggest 
that these material comforts are best attained 
under a democratic free enterprise system.” 
The goal was to attract as much mass 
interest as possible. Quite rightly, it irked 
President Eisenhower to hear that the 
U.S.’s non-attendance to these fairs was 
put down to manufacturers’ pre-occupation 
with armaments. 

There is now evidence that the character 
of the American participation is changing, 
in two ways. Exhibits are much more 
carefully selected for sales appeal and their 
suitability for the market concerned. Private 
American traders are joining in. The belief 
that long-term trade possibilities should 
be carefully nursed is growing. High prices, 
and the shortage of dollars, are militating 
against U.S. products, but even officials 
are saying that it is important for American 
industry to make other countries aware 
of the wide range of p.oducts they can 
buy in the United States. 

This is yet another instance of the trend 
in international relations, away from warfare, 
towards trade rivalry. Cheap plant and 
machinery, cheap capital, cheap technical 
help are the new weapons in the struggle 
for the allegiance of under-developed 
countries. The United States Government, 
and—it is fair to assume— U.S. manufac- 
turers also, have been quick to realise that 
atomic energy will enable almost any country 
to develop an industry. 

The conclusion is inescapable. Britain 
must take part in the merry-go-round, for 
not to do so will surely leave our products 
within these shores. This is where our 
Government, and our Board of Trade, are 
left far behind our competitors from East 
and West. Meantime the whole burden of 
keeping the flag flying rests on the too- 
broad shoulders of British industry. 
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Fig. 1 A typical view of the Suez Canal, near El Ferdan Bridge. 


THE SUEZ DILEMMA 
ENGINEERING A PREDOMINANT FACTOR 


So much has recently been written and spoken, 
often unwisely, about President Nasser’s action 
in seizing the Suez Canal that it is necessary for 
ENGINEERING to clarify the position. For these 
comments have been directed almost entirely 
to the political aspect; yet the canal is a great 
engineering undertaking, which could not have 
been constructed, developed or maintained with- 
out the assistance of skilled technicians, among 
whom those of Egyptian nationality have been 
in the minority. In fact, its mere existence as an 
international waterway has necessitated constant 
maintenance and well-ordered expansion, in 
order that it might meet the increasing demands 
of maritime commerce. 

To put the matter in proper perspective the 
operations of the Compagnie Universelle du 
Canal Maritime de Suez (to give it its full title) 
may be considered under the two main headings 
of construction and maintenance. It also con- 
ducts a number of subsidiary activities which are 
beneficiai to Egypt and in which engineering 
also plays its part. 


HISTORICAL BACKGROUND 


The canal, which is about 100 miles long, 
extends from Port Said to Suez. Rather over 
nine miles of its length is across the Bitter Lakes, 
as shown in the map reproduced in Fig. 4. 
Initially, it was 26 ft. deep and had a bottom 
width of 73 ft., as will be clear from Fig. 2; and 
during 1870, which was the first year of its 
operation, 486 vessels passed through it, carrying 
a net tonnage of 436,609 tons. 

Rapidly increasing traffic, however, necessitated 
a First Programme of Improvements being 
undertaken as early as 1876 when lay-bys were 
lengthened and basins widened, while during the 
next half century five similar programmes, 
involving both widenings and deepenings as well 
as the strengthening of the banks and other more 
minor improvements were carried out. By 1934, 
in fact, the width of the canal part of the water- 
way, measured as is customary at a depth of 
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32 ft. 10 in., was nowhere less than 197 ft., and 
was more on curves and certain other stretches, 
Regular dredging ensured a depth of 44 ft. 6 in, 
in the northern section, of 42 ft. 8 in. in the 
southern section and of 41 ft. in the Port Said 
Roads, the Great Bitter Lake and the exit 
channel at Port Taufiq. 

These improvements were, of course, necessi- 
tated by the increased use made of the canal, 
a use which had in turn been stimulated by the 
better facilities provided. This is shown by the 
fact that in 1934 the number of transits was 
5,663 and that nearly 32 million tons were carried. 
These figures, though less than those during the 
1929 peak, were representative of the period. 
At that time, and up to the beginning of the 
Second World War, the south-bound traffic 
mainly consisted of machinery and _ railway 
equipment. In the opposite direction it was 
principally made up of cereals and textiles, 
although oil and its products were beginning to 
play a part, which has since become predominent. 


THE COMING OF OIL 


Although during the Second World War the 
traffic through the canal fell off spectacularly, 
to only 7 million tons in 1942, it rose to the 
then record of 82 million tons in 1950 and, 
what is more important in view of the present 
political situation, its character changed, owing 
to the growth of the oil traffic, which had increased 
to 67 million tons, out of a total of 107 million 
tons in 1955. This had been foreseen by the 
officials of the Canal Company who in 1946 had 
drawn up a Seventh Programme of Improvements, 
which has since been completed. This took into 
account not only the increasing number, but the 
growing size of the vessels using the canal and 
involved the general deepening of the channel by 
1 ft. 8in. It was hoped in this way to make it 
usable by vessels drawing up to 36 ft., compared 
with the then existing maximum of 34 ft. 

A further problem was that, until 1951, when 
two vessels met one had to tie up to the bank. 
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Fig. 3 View of the canal at El Ballah showing the new by-pass. 


The consequent manoeuvring became more 
difficult with wider beam ships and was increased 
by the number of vessels using the canal which at 
that time was on the average 33 per day. To 
overcome this difficulty ships were therefore 
organised into convoys the movement of which 
was facilitated by the provision of new berths at 
Port Said and by constructing a by-pass nearly 
71 miles long at El Ballah, a view of which is 
given in Fig. 3. This is being used by all north- 
ward bound vessels and provides a crossing 
place in the northern portion of the canal, 
corresponding to the crossing across the Great 
Bitter Lake in the south. 


AN EIGHTH PROGRAMME 


This programme was followed by an Eighth 
Programme of Improvements which was devised 
since it is estimated that the demand, if it is 
permitted by political conditions to do so, will 
soon increase to 50 vessels per day or even more. 
Moreover, the speed in the canal proper is at 
present limited to 74 knots, and vessels drawing 
more than 35 ft. cannot be operated at higher 
speeds either because they would cause excessive 
erosion or because they have insufficient power 
to overcome the water resistance in the narrow 
channels. 

The capacity of the ¢anal could be increased by 
stepping up the number of vessels in a convoy 
from 10 to 15 while maintaining the existing 
speed; and this would also solve the erosion 
problem. Under present conditions, however, 
it is difficult to form such a convoy in line ahead, 
especially at Port Said, as well as for the ships 
to keep station during the voyage. Moreover, 
owing to the lay out of the port a southbound 
convoy cannot leave until one proceeding north- 
ward has anchored, which is the cause of great 
loss of time. 

To overcome these two difficulties work has 
therefore been begun on the construction of 
a by-pass canal south of Port Said and parallel 
to the existing canal, as shown in Fig. 4. This 
will be nearly 14 miles long and the majority 
of vessels will be mustered in it, so that they 
can proceed southward in close order directly 
after the arrival of a northbound convoy. 
This by-pass will have the further advantage of 
reducing the length of the northern section of 
the canal. To increase the effectiveness further, 
it has also been decided to construct a second 
by-pass, 44 miles long, near Kabrit, south of the 
Great Bitter Lake. This will reduce the length 
of that section of the canal by about the same 
amount and will avoid anchoring. The con- 
struction of these two by-passes will, it is esti- 
mated, enable the average number of vessels 
passing to be increased from 40 to at least 49 
per day and possibly a maximum as high as 
60 per day will be attainable. 


THE LARGE VESSEL PROBLEM 


Unfortunately, however, these improvements 
will noi in themselves facilitate the transit of 
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vessels drawing more than 36 ft. and there is as 
yet no question of admitting those of greater 
draught. This, as already mentioned, is due 
to the fact that vessels of this size cause erosion 
if their speed exceeds 8 knots and that the power 
that must be developed to attain a given speed 
is much greater in a narrow channel than in 
open water. 

This problem is informatively discussed by 
M. J. Prache, who is chief of Technical Services 
to the Canal Company, in a recent issue of 
Le Génie Civil*. He describes experiments 
which were conducted on a model in the Labor- 
atoire Dauphinois d’Hydraulique de Grenoble 
{Etablissements Neypric) which showed that a 
vessel drawing 36 ft. required double the power 
of one drawing 34 ft. to drive it at a given speed 
and that this power would also have to be 
doubled to increase the speed from 7 to 74 knots. 


DEEPENING AND WIDENING 


To ensure the passage of vessels drawing 
36 ft. without excessive power consumption it is, 
in fact, necessary not only that the water in the 
canal shall be of sufficient depth, but that the 
cross-section shall be about 16,200 sq. ft. at the 
standard depth of 36 ft. The Eighth Programme 
therefore envisages increasing the width of the 
canal to from 230 ft. to 260 ft. and the guaranteed 
depth from 46 ft. 6 in. to 48 ft. in according to 
to section. In addition other deepenings will be 
effected at Port Said, the Great Bitter Lake and 
Lake Timsah and improvements will be made 
to the lay-bys which are provided to accomm- 
date vessels which, like floating docks, cannot 
proceed at convoy speed. The first stage of this 
programme is already being carried out by a 
consortium of Dutch, Belgian and French 
contractors and would, it is estimated, if 
conditions had been normal, have been com- 
pleted by the end of next year; use is being 
made of the most modern types of excavating 
machinery which is, of course, the property of 
the contractors. 


* See Le Génie Civil, vol. 133, page 145, (1956). 
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MAINTENANCE DREDGING 


The second main activity of the Company, 
to which reference can only cursorily be made, 
is that of maintenance dredging. Briefly, 
between 1874 and 1948 excavation and dredging 
in connection with the work just summarised 
necessitated the removal of rather over 200 
million cubic yards of material, while another 
53 million cubic yards were dredged between 
1950 and 1954. The works comprised in the 
Eighth Programme will, it is foreshadowed, 
necessitate the excavation and dredging of 
90 million cubic yards between now and 1959, 
a figure which may be compared with the 
95 million cubic yards, which was removed in the 
construction of the original waterway. To 
maintain the canal in a navigable condition 
270 million cubic yards had to be dredged 
between 1874 and 1951, about half of which 
was accounted for by the difficult conditions in 
Port Said harbour. To carry out these opera- 
tions has meant skilled organisation and constant 
servicing which cannot be, even temporarily, 
neglected if the canal is to remain open to 
traffic. At present a fleet of dredgers is used 
for this purpose the maintenance and operation 
of which is clearly a matter for experts. 


SOME MINOR ACTIVITIES 

The Company also operate a fleet of pilot 
and other launches and of tugs, one of the latter 
being equipped with 4,500 h.p. engines. A supply 
of fresh water, such as is essential to life in the 
desert, has been provided by the excavation of 
irrigation canals and the erection of filtration 
and purifying plant. Electric power for this 
plant and for the Company’s workshops at 
Port Fuad is generated in two power stations, 
one of which also supplies the town of Port Said. 
Housing estates, consisting in the aggregate of 
1,400 dwellings and of such amenities as schools, 
hospitals, clubs and playing fields have been 
provided and networks of roads, railways and 
telephone lines have been laid. In fact, the 
Company has made a by no means negligible 
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contribution to the economic prosperity both 
of the Canal Zone itself and of the surrounding 
country by converting what was a waterless 
desert into the seat of a thriving community. 
The maintenance of this prosperity, it must, 
however, be insisted, depends on the continual 
smooth running of the great waterway and that, 
in turn, will depend on whether engineers and 
other technicians are allowed to carry on their 
work unhampered by political interference. 
The same applies in only a less degree to other 
employees, who number in all about 4,500 and 
include those engaged in both marine and land 
occupations. 


FUTURE PROSPECTS 


A view of the canal near El Ferdan is given 
in Fig. 1. This is typical of its present appear- 
ance and emphasises the paramount necessity 
of its proper maintenance. This necessity is at 
least in theory recognised by the Egyptian 
Government, which has admitted that the 
proposed nationalisation of the canal imposes 
certain obligations. In the light of these obliga- 
tions it has also been stated that it has been 
decided to undertake certain improvements “ to 
facilitate transit and assure ships of greater 
facility of manoeuvre,” thus stealing the credit 


Letters to 
UNIVERSITY TEACHING 


Sir, Nothing could warm this reviewer’s heart 
more than Mr. Gibson’s opening paragraph in 
his letter published in your last week’s issue; 
doubtless my anonymous colleagues who review 
books, on thermodynamics feel the same. 

With regard to his second paragraph I am 
fortified in finding him in agreement with my 
general thesis, but perturbed that I have left 
the impression that I think “* American text-books 
are almost without exception of a much better 
standard.” I don’t; but two which I have 
reviewed for you recently seemed to me to be 
striving after a better idea of what ‘* mechanics 
of machines ”’ should be about. 

I am sorry if failure to provide a syllabus, 
causes irritation; the trouble is that many are 
possible. If, however, the Editor will allow 
me space, I will try to put up one for comment 
in due course, together with some articles on 
the best approaches to the topics not covered 
adequately by text-books. 

Surely I may be allowed to give unusual 
references; how else is progress possible? 
The nearest public library will do the rest, or 
alternatively a letter to the Science Library will 
bring Photostat copies. 

YOuR REVIEWER. 
August 2, 1956. 
* & 


JAMES NASMYTH, 1808-1890 


Sir, In support of research into the life and 
work of James Nasmyth, the Scottish engineer 
and inventor, I am attempting to trace all 
surviving original material by him, in the form 
of letters, memoranda, drawings, accounts, etc., 
and any help which your readers may be able 
to offer will be gratefully received. I am par- 
ticularly anxious to locate correspondence or 
other documentary evidence shedding light on 
the controversial subject of the steam hammer 
patent cf 1842, and on the hammer’s later 
perfection by Nasmyth or Wilson, before 1848. 
Anything, however, which illustrates the work 
of either Nasmyth, or the Bridgewater Foundry 
at Patricroft, will be welcome. The firm of 
Nasmyth, Gaskell and Company (later Nasmyth, 
Wilson and Company Limited) was prominent 
in the manufacture of a variety of engineering 
appliances, and from time to time of locomo- 
tives, and it is possible that old letters, invoices, 
etc., may survive to tell us of the growth and 
development which started Eccles’s future as 
an industrial town, and of conditions in the 
industry at different times. 
Research is now being conducted by an 





for improvements which are already being put 
in hand by the Suez Canal Company. The 
Company, moreover, has entrusted a panel of 
independent experts with the task of determining 
the volume of shipping which may be expected 
during the next 10 or 15 years, in order that a 
further constructional programme may _ be 
prepared. Pending the completion of their 
report the Company have also been considering 
plans which would permit the passage of no 
less than 180 ships per day. 

Such improvements are, in fact, essential if the 
canal is to continue to fulfil its functions as a 
great international waterway. It will, however, 
only be possible for this task to be carried out if 
the necessity for daily efficient maintenance as 
well as new construction is recognised. Whether 
that end can be best reached by transferring the 
conduct of affairs to the Egyptian Government 
or even to an international body may well be 
argued. From the purely engineering point 
of view, it would probably be better to leave it 
in the hands of the present concern, which has 
on.the whole performed its duties satisfactorily. 
What is certain, however, is that at the confer- 
ence, which has opened in London this week, 
not only politics, but engineering too, must 
constantly be borne in mind. 


the Editor 


economic historian into both Nasmyth and his 
firm, so that anything which comes to light will 
be of immediate use. 
Yours faithfully, 
J. F. W. BRYON 
Borough Librarian. 


Eccles Borough Libraries, 
Eccles, 
Manchester. 
August 7, 1956. 
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AUTOMOTIVE TRANSMISSION 


Sir, We would refer to the note entitled 
“Transmission Invasion” published in your 
issue of July 27, page 101, concerning the Borg- 
Warner transmissions for motor vehicles. 

Your statement that our automatic trans- 
mission “‘ has already been discarded by American 
car manufacturers’ is completely misleading, 
for the combination of a torque converter and 
a hydraulically operated planetary system is 
widely used on current American models, 
examples being ‘“ Fordomatic” (also manu- 
factured by Borg-Warner), ‘“‘ Power Flite” 
manufactured by the Chrysler Corporation and 
Packard’s “* Ultramatic.” 

Following the Packard Studebaker merger, 
the Packard transmission quite naturally, and 
for economic reasons, replaced the Borg-Warner 
installation on the Studebaker. This loss of a 
sizeable domestic outlet made necessary a 
temporary re-organisation of the Borg-Warner 
factory concerned, and it was this, plus the fact 
that a large number of European car manu- 
facturers were currently interested in the trans- 
mission, which largely influenced the decision to 
ship some of the plant to England. In no other 
way would it have been possible to equip our 
factory in the time available to produce the 
transmissions in quantity. 

It should be noted that a 3 speed gearbox used 
in conjunction with a torque converter gives 
results equivalent to a conventional 4 speed 
transmission, which makes the combination 
particularly suitable for small-engined cars. 
Furthermore, the direct-drive clutch featured 
in our transmission is beneficial to fuel economy. 

In respect of overdrives, we consider power- 
sustained engagement of little practical value 
unless the car is being used for competitive 
motoring. Moreover, it is difficult to see how 
engagement in this manner can be conducive to 
transmission reliability. Far lighter loads on 
transmission components are imposed by the 
automatically synchronised engagement provided 
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by the Borg-Warner overdrive. For yo 
information we do not use an ignition “ cut-out” 
in the accepted sense. The interruption of the 
ignition on “ kickdown” is only for a split 
second and of the order of three or four 
explosions. This is not discerned by the driver 
and the object is merely to release momentarily 
the torque loadings on the overdrive pawl, , 

Unintentional engagement of the overdrive is 
rare under practical operation and is ible 
only above the cut-in speed (about 32 mph) 
For exceptional conditions the overdrive can be 
conveniently locked out. In practice, the pro- 
cedure for locking out the overdrive with the 
car in motion is both simple and instantaneous 
We claim that the free-wheeling condition 
inherent to direct drive makes for smoothness 
in the general operation of the car, Particularly 
in heavy traffic, and also greatly facilitates gear 
changing. However, it should be noted that on 
the overrun, free-wheeling occurs only below a 
road speed of approximately 27 m.p.h. 


The reasons why our overdrive has been 
adopted by B.M.C. as well as Ford are not 
confined to price and, in this connection, your 
inference that it is being produced on ex-American 
plant is entirely without foundation. All the 
machine tools involved in making the overdrive 
are new, and the majority of them are British, 
For our overdrive, of which more than 7 million 
have been sold, we claim the advantage of 
simplicity combined with fully automatic opera- 
tion. 

Yours faithfully, 
D. J. SCANNELL. 


Borg-Warner Limited, 
Letchworth, 
Hertfordshire. 
August 7, 1956. 


x k * 


Obituary 


SIR WILLIAM PATERSON 
Public-drinking Supplies 


We regret to record the death on August 9, at 
the age of 82, of Sir William Paterson, the 
founder, in 1902, of the Paterson Engineering 
Company, Limited, of which he was chairman 
and managing director until his retirement in 
January, 1955. As a pioneer in the field of 
water purification he enjoyed a_ world-wide 
reputation, having been responsible for many 
developments in the technique which are now 
established practice, among them the excess 
lime process for softening and sterilising, the 
use of ozone as a sterilising agent, and of chlorine 
gas for preventing algal growths in the con- 
densers of thermal electric power stations. 

Sir William, who received his knighthood in 
1944, was the son of James Paterson of Roslyn, 
Midlothian, and received his early education 
in that town. Later, he attended George 
Heriot’s School, Edinburgh, afterwards _pro- 
ceeding to the Heriot-Watt College, where he 
took the engineering course. His apprentice- 
ship was served between 1891 and 1896 with 
James Bertram and Sons, papermaking engi- 
neers, with whom he remained for a short further 
period as a draughtsman. He then spent a 
year in the drawing office of D. & J. Tullis, 
Limited, at Kilbowie, Glasgow, leaving them in 
1898, to become assistant works manager with 
Masson, Scott and Company, Limited, Wands- 
worth. 

In 1902, as stated, he set up in business on his 
own account under the style of the Paterson 
Engineering Company. The company’s initial 
capital was no more than £700 and for some time 
Paterson himself was practically the entire 
personnel; but the qualities of character which 
were manifest throughout his career soon 
produced results and the business developed 
rapidly. At first he confined his activities to 
the softening and filtering of water for industrial 
purposes, but in 1910, he turned his attention 
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to the purification of public drinking-water 
supplies, which greatly widened his field of 
operations. His first installation of this kind 
was a pre-filtration plant with a capacity of 
7,000,000 gallons a day, for the Weardale and 
‘onsett Water Company, in Co. Durham. 
During the 1914-18 war he set up a number of 
lants for munition factories, including one of 
10,000,000 gallons a day capacity for the great 
factor at Gretna; and it was during the same 
riod that he introduced the use of gaseous 


Weekly Survey 


Cover Picture: This week’s photograph shows a 
2,600 KVA three-phase oil-immersed reactor for 
limiting fault currents in a 33 kV feeder. It is 
of the coreless type to ensure that its impedance 
will be unchanged up to the maximum fault current. 
The tank is shielded from the reactor field by an 
aluminium cylinder. 


hlorine for sterilisation. 

; In 1938, as a purely private task undertaken x *k * 

at the request of Sir John Anderson (now Lord , “ 7 

Waverley), who, as Lord Privy Seal, was charged Road — Engineering 
‘opiem 


with the functions which subsequently became 
the responsibility of the Ministry of Home 
Security, Paterson devised the form of corrugated 
sheet-steel air-raid shelter known as the Anderson 
shelter, which proved so effective during the 
second World War. It was patented in his own 
name, but he at once presented the patent to 
the nation. 

Sir William was a member of the Institution 
of Mechanical Engineers, a life member of the 
American Water Works Association, an Hon- 
orary Member of the Institution of Water 
Engineers and of the Royal Society of Health, 
a Vice-President of the Junior Institution of 
Engineers, and an Honorary Fellow of the 
Heriot-Watt College. 


* & & 


MR. L. H. BAINBRIDGE-BELL 
A Pioneer in Radar Research 


Mr. L. H. Bainbridge-Bell, whose death, we 
regret to record, occurred in London on August 
7, will be best remembered for his valuable work 
on radar during the second World War. Lab- 
ruchére Hillyer Bainbridge-Bell was born on 
August 17, 1893, and entered Marlborough 
College as a Foundation Scholar, in September 
1907. He remained at Marlborough until 
1912 and then went up to Emmanuel College, 
Cambridge attaining a B.A. degree in 1916 
while serving in the Royal Flying Corps which he 
joined in 1915. He remained in the R.A.F. as 
wireless officer until February, 1920, and then 
took a position with the Radio Communication 
Company, London, as engineer in their research 
department. He was there engaged on general 
development work in connection with the design 
of radio apparatus, including direction finders. 

From January 1927, to August, 1936, he was 

assistant scientific officer at the Radio Research 
Station of the Department of Scientific and 
Industrial Research at Slough, where he was 
engaged in developing research apparatus for 
studying atmospherics and the ionosphere and 
later carried out pioneer work on radiolocation. 
He continued this work, with the rank of scientific 
officer, at the Air Ministry Research Station, 
Bawdsey, where he remained until the outbreak 
of the second World War, when he was trans- 
ferred to the Signal School at Portsmouth and 
was engaged on work of a confidential character. 
Later he was given charge of the staff engaged 
on radar research and supervised the writing of 
technical handbooks and reports on this subject. 
In June, 1941, he was transferred to the Admiralty 
Signal Establishment at Haslemere and Witley, 
where, as senior scientific officer and later as 
Principal scientific officer, he was engaged in 
the preparation of technical literature on radar. 
That he was interested in the presentation of 
scientific work is indicated by the fact that he 
delivered a paper entitled “The Need for 
Clearer Circuit Diagrams,” to the Engineering 
Section of the British Association at the Bir- 
mingham Meeting in 1950. This paper, which 
was concerned mainly with thermionic valve 
circuits, was reprinted on page 260 of the 170th 
volume of ENGINEERING, 1950. 

Mr. Bainbridge-Bell obtained his M.A. at 
Cambridge in 1930, and was awarded the M., 
and the O.B.E. for his war services. He became 
an associate member of the Institution of 
entice Engineers in 1925 and a full member in 


In an effort to get action, the Engineers’ Guild 
has given further publicity to its proposal for a 
systematic accident investigation. This proposal 
was originally placed before the Minister of 
Transport in March, 1953. After 24 years, the 
Minister announced last autumn that road acci- 
dent investigation officers would be appointed 
in different parts of the country, presumably 
along the lines proposed by the Guild. The 
announcement did not say when they would be 
appointed, whether they would be qualified 
engineers or what would be their powers. 

It may be recalled that the Guild’s scheme in 
essence is for a systematic investigation of road 
accidents by qualified engineers. In official re- 
ports on accidents, which rely almost entirely on 
the evidence of police constables, only between 
1 and 2 per cent. of accidents are recorded as 
being due to road conditions. It is more than 
likely that a much higher percentage would be 
recorded if road accidents were investigated as 
technical, as well as legal, problems. There 
is no doubt that insufficient attention is given 
to the technical aspects of road accidents, and 
that the abominable condition of the roads 
costs the country millions of pounds a year and 
an appalling death rate. The Guild will have 
the support of the engineering profession in the 
idea behind its proposals. 

The real problem is one of tactics. In order 
to get something done and prove their conten- 
tions statistically, the Guild and those who 
favour its approach to the problem must persuade 
the Government to take action. At the moment, 
the Government have a simple answer to those 
who want to get on with the scheme: the dearth 
of qualified engineers to undertake the task. 
To devise any scheme on the assumption that 
engineers can be found in reasonable quantities 
to carry it out is to cry for the moon. From 
| the wording of its proposal, the Guild is 
clearly aware that more harm than good would 
be done by allowing the technical aspect of road 
accidents to be investigated by officials with 
inadequate professional qualifications. Great 
care will have to be taken that the problem is 
not tackled by indiscriminate dilution. What is 
required is a carefully thought out sample 
investigation which will prove the point with 
the minimum of man-power. 


? 


x * * 


Engineering Exports to Ireland 


Although overshadowed by the leading Common- 
wealth countries, the Irish Republic is quite an 
important export market for the British engi- 
neering industry. In 1955, British exports to 
the Republic of machinery, vehicles, ships and 
boats totalled £28-7 million. The Republic has, 
however, been suffering for some time from a 
serious adverse trade balance and during the 
current year strong measures have been taken 
to correct this. 

In the Budget last March, special import levies 
were imposed on about 50 imported commodities 
of a luxury type. These took the form of an 
import duty of 374 per cent., with a preferential 
rate of 25 per cent., but were not sufficient to 
bring about the required reduction in imports. 
In a statement to the Dail “‘of the gravest 
national importance ’’ on July 25, the Minister 
for Finance announced a series of further 
measures. The import duties imposed in March 
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are to be increased to 60 per cent. and 40 per 

cent., respectively; while, in addition, a further 

range of almost 100 commodities are subjected 

to duty at the original rates of 374 per cent. and ’ 
25 per cent. No change is made in the special ’ 
duty of 15 per cent. on imported motor vehicles, 

but the duty is now extended to commercial 

vehicles (other than buses), which were previously 

excluded. 

The Minister has also taken steps to cancel 
plans for the flotation of public loans by the 
Dublin Corporation, the Electricity Supply 
Board, and Coras Iompair Eireann, the national 
transport company. This action must result ina 
postponement or slowing down of the capital 
development programmes of these bodies. 

In view of the importance of agriculture in 
the Irish economy, it is unlikely that any attempt 
will be made to reduce imports of tractors 
and agricultural machinery. These, however, 
accounted for only about £4 million out of the 
total British engineering exports to the Republic. 
Exports of cars, on the other hand, amounted to 
£5-6 million and, of commercial vehicles and 
chassis, to £2-4 million. It would appear that 
the Irish Government are now determined to 
curtail total imports in order to achieve a balance 
on international payments and this may well be 
reflected in reduced imports of motor vehicles 
and other engineering products from this country. 


x *k * 


Working Under a Supra-National 
Authority 


When the question of Britain joining the 
European Coal and Steel Community was 
discussed in 1952, the main objection was that 
membership would mean losing control of basic 
industries. What in fact has happened to the 
coal and steel companies of the six countries that 
did join ? 

The main point of contact is financial. The 
High Authority derives its income from a levy, 
now at 0-45 per cent. on the saleable output of 
each coal, steel or iron-ore producing enterprise. 
This supra-national tax is resented by some 
companies. The main complaint is that it is 
too high, although it has been progressively 
reduced, to the present figure. The German coal 
and steel companies say that they are bearing 
too big a share of the burden. In the past two 
years Germany has paid 474 per cent. of the 
total sum raised by the levy, France has con- 
tributed 29 per cent., Belgium 11 per cent., 
Italy 6 per cent., Holland 34 per cent. and 
Luxembourg 3 per cent. The levy is used to 
pay for administrative costs of the Luxembourg 
headquarters, technical research, assistance in 
finding employment for redundant workers, and 
loans for various purposes. 

Apart from paying the levy, companies have 
few direct contacts with the High Authority. 
The various orders made under the treaty 
signed by the six governments are legally binding 
onthe companies. The fact that they came from 
the High Authority in Luxembourg rather than 
from a government department is more likely 
to present problems to finance ministers than 
to managing directors. The outstanding example 
of this is seen in the German coal industry. 
Until it was freed, recently, the price of German 
coal was fixed by the High Authority at what 
was regarded by the industry as too low a level. 
As miners are traditionally the highest paid 
workers, the level of all wages throughout 
German industry has been depressed. At the 
same time, the earnings and the level of invest- 
ment in the coal industry have been affected. 
These complaints reflect, of course, only the 
German view. In the wider context of the 
six-nation common market, the High Authority’s 
price policy is much less open to criticism, as is 
shown by the great expansion in the industries 
under its control. 

The Community has had a_ considerable 
effect on the trade unions of the member coun- 
tries. The consultative committee and other 
bodies at Luxembourg provide channels for 
formal contacts between trade union leaders in 
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the coal and steel industries. The opportunity 
for learning about conditions in other countries 
has been made full use of. It is probably true 
to say that the trade unions have gone farther 
in deciding on a common policy than have the 
employers. 

x *« * 


Is Germany Heading for Inflation ? 


The German economy has now reached a point 
where its available resources are apparently fully 
employed. Will further expansion mean rising 
prices and inflation? British experience is not 
a good guide in finding answers to this question. 

In the first place, Britain has been coping with 
a persistent balance of payments problem for the 
past ten years. Expansion on home markets 
has often been at the expense of exports. Ger- 
many has the opposite problem. Cut off from 
the pre-war food supplies of East Germany 
and the markets of Eastern Europe, which took 
one-fifth of German exports in 1938, the Federal 
Republic has turned to the West. Vigorous 
efforts have expanded exports and built up gold 
and dollar reserves so that month after month 
Germany is a consistent and substantial creditor 
in the European Payments Union. In spite 
of the rise in imports, following liberalisation of 
both O.E.E.C. and dollar trade, the surplus 
continues to increase. 

This factor may be modified by expenditure on 
rearmament which would draw money away 
from industrial investment. Here again, the 
Germans, who invest too much and consume too 
little, have the opposite problem from ours. 
The increase in the Bank rate at the end of May 
was designed to cut down some _ industrial 
borrowing, and may result in investment going 
to the places where it is most needed, such as the 
coal industry. In Germany, coal and steel 
prices have been kept steady since the formation 
of the European Coal and Steel Community. 
Indeed, there are complaints that coal prices 
have been too low, as stated above. 

So far as the labour force is concerned, the 
expansion, which has brought 11 million refugees 
into the German labour market, is now over. 
The fall in the number of school-leavers, due to 
the low birth rate at the end of the war, will soon 
be taking effect. The 25-45 age group, reduced 
by some 54 million war dead, now has to support 
growing numbers of old people as well as children 
and the 2 million war cripples. The only 
expansion in the labour force would be by making 
more use of female labour and by draining labour 
from the land to the towns. Industrial produc- 
tivity is, however, still rising sharply and there 
is no marked trade union opposition to technical 
changes and automation. The best defence the 
Germans have against inflation is that they know 
from bitter experience what it means. Warnings 
of inflation do not fall on deaf ears in either the 
board-rooms or the works councils of the 
Federal Republic. While the factors making for 
inflation are present, it is doubtful if they will 
be allowed to develop. 


xk k * 


Investment Without Strings 


The formation of the International Finance 
Corporation marks the opening of what may 
become a bright new era in international finance. 
It should provide an effective counter to Soviet 
economic penetration of under-developed coun- 
tries. The charter of I.F.C. has now come into 
force, with France and Germany completing the 
number necessary for membership. There are 
now 31 member countries (30 was the stipulated 
minimum) which have subscribed 78 million dols. 
of capital. The purpose of the Corporation is 
to supplement private capital in cases where 
sufficient is not available on reasonable terms. 
In fact, the function is very similar, in an 
international context, to that of the Industrial 
and Commercial Finance Corporation and the 
Finance Corporation for Industry in_ this 
country. While the I.F.C. have authority 
to invest in any kind of enterprise, they will do 
S o only where the private interests concerned are 





contributing their full share of the total funds 
required. Their function is to supplement, not 
to replace, private capital. 

IL.F.C. is an off-shoot of the World Bank; 
membership is open only to countries which 
are members of the Bank, and their represen- 
tatives on the Corporation’s Board will be the 
same as on the Bank’s Board. Mr. Eugene 
Black, President of the Bank, is chairman of the 
Corporation’s Board, and Mr. Robert L. 
Garner—a vice-president of the Bank until his 
appointment—is President of the Corporation. 
The United States have contributed 45 per cent. 
of the total capital, Britain 184 per cent. and 
the next three most important contributors— 
France, India and Germany—about 18 per cent. 
between them. The Corporation can make 
their investments in any form they consider 
appropriate, and the investments will carry no 
Government guarantee. The emphasis is likely 
to be on manufacturing industry, mainly in 
under-developed countries. 

It is not easy, at this early stage, to visualise 
the effect the new organisation will have on the 
intense rivalry—likely to grow in the coming 
months—between Soviet Russia and the West. 
The capital resources of I.F.C. are very small— 
far too small to exert a very decisive influence in 
the growth of private industry in countries where 
capitalist enterprise still exists. The methods 
open to the Corporation to increase their funds— 
by the sale of investments to private investors 
and by selling their own obligations in the 
market—are unlikely to yield substantial amounts 
for some years. All in all, the venture is on the 
right lines and a worthwhile investment in the 
Western way of life, but almost puny in relation 
to the needs that exist. 


= *& * 


British Road Services Management 


There are still 15,000 vehicles owned by British 
Road Services and, under the Transport Acts of 
1953 and 1956, these have to be operated by 
limited companies. As from September 9, 1956, 
these vehicles are to be organised into five groups. 
British Road Services Limited will run a general 
haulage business with 7,750 vehicles. B.R.S. 
(Pickfords) Limited will operate special traffic 
and certain heavy haulage contracts with 1,350 
vehicles. B.R.S. (Contracts) Limited will 
operate a fleet of 1,000 vehicles, while B.R.S. 
(Parcels) Limited will have 4,400 units. Finally, 
B.R.S. (Meat Haulage) Limited will operate with 
500 vehicles. The shares of these companies 
will be owned by the British Transport Com- 
mission. The parcels company and the meat 
haulage company are both still subject to disposal 
but the new Acts make it possible for sale to be 
deferred until their trading position is fully 
established. 

The undertaking as a whole will be managed 
by a board, consisting of a chairman, three full- 
time members and one part-time member ; and this 
board of management will control the five operat- 
ing concerns through their boards of directors 
on which its own members will serve. The 
general pattern of management will remain 
unchanged from the present set-up. 

The formal structure of the nationalised road 
haulage industry has thus become established. 
Its activities will be followed with interest for the 
organisation embodies two differing sets of 
circumstances. First, there is an important 
degree of functional devolution effected through 
the five operating companies. Second, each 
company, in greater or lesser degree, is operating 
now against the competition of private enterprise 
and ‘**C” licence holders. For the first time 
since nationalisation began its painful develop- 
ment from romance to realism, a nationalised 
undertaking will face direct competition from 
private enterprise. It is true that British Road 
Services Limited, in particular, will be a whale 
among minnows but the experience should be 
none the less stimulating for this large concern. 
The situation will be all the more interesting to 
watch because the various B.R.S. organisations 
have already established themselves in many 
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quarters as efficient carriers, unsurpassed by their 
private enterprise rivals. 


x * * 


Indian Summer ? 


Little is heard at the moment about the poggi. 
bility of a recession in the United States in the 
autumn of this year. With the steel Strike 
behind it and with the prospect of inflationary 
pressure on costs owing to a rise in steel prices 
the country is looking forward to a boom and 
possibly inflationary conditions in the third 
and fourth quarters of the year. At a Press 
conference on August 3, the Secretary of 
Commerce predicted a high level of economic 
activity over the rest of 1956. 

There are a number of economic indicators 
which point to favourable conditions. Whatever 
the steel strike may do to the cost structure of 
the American engineering industry, there is no 
doubt that it has helped to reduce inventories 
at a time when business confidence was becoming 
sensitive to the heavy build-up in stocks of raw 
materials and semi-finished goods. Similarly, 
the automobile industry has reduced its invyen- 
tories, and car production rose in July 4-3 per 
cent. above the June level—a reversal of what 
has been quite a sustained downward trend for 
a number of months. Farm exports have been 
buoyant and hire-purchase credit figures released 
for June show that there has been a notable 
advance in total outstanding indebtedness over 
that month. 

It is too soon yet to detect any reactions in the 
American economy as a whole to the Suez 
situation. Recollections are still vivid of the 
impact of American buying on world commodity 
prices at the beginning of the Korean war. 
At that time, the United States took the initiative 
in deterring aggression in Korea but it is by no 
means unlikely that precautionary measures 
taken by the United States, if they were now 
put in hand, would still have a quick and signi- 
ficant impact on world markets. It requires 
only a very small shift in the pattern of US. 
industrial production or in the confidence of 
business men as reflected in capital investment 
and inventory policy, to create instability in many 
key world markets. As it is, the continued 
development of the American boom into the 
autumn is likely to help raw material prices to 
stay buoyant. 


* * & 


Iron and Steel Supplies 


With intensifying competition for British engi- 
neering exports particular importance attaches 
to the need to maintain adequate steel supplies 
at prices which compare favourably with those 
of foreign steel. In spite of the ban on over- 
time by maintenance men, British steel produc 
tion showed a good increase of 6-1 per cent. in 
July, 1956, compared with the previous year. 
If further interruptions can be avoided for the 
remainder of the year, crude-steel output may 
well reach the target figure of 21 million tons 
for the year, since production for the first 30 
weeks of 1956 amounted to 11-9 million tons 
compared with 11-3 million tons for the corres- 
ponding period of 1955. While there has been 
a considerable easing of demand for sheet, 
owing to declining production by the consumer 
goods industries, a considerable increase i 
supplies of heavy products will be needed to 
meet the estimated 21 per cent. increase in the 
investment programme of manufacturing 
industry. It is already clear that the steel 
industry’s long-term expansion programme, 
which envisages an expenditure of £80 to £120 
million per annum at 1955 prices, over the 
next five years, may have to be increased. 

A tendency to underestimate the rate of 
growth of demand for steel has by no means 
been confined to the U.K. The survey by the 
Economic Commission for Europe of the 
European steel market in 1955, was issued 
earlier this month. This estimates the maximum 
possible output of steel in 1958 by the European 
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Coal and Steel Community at 664 million tons 
of which 3! million tons will be accounted for 
by Germany and the Saar. In 1953, the 
maximum demand for steel from the Com- 
munity was estimated at 50 million tons by 
1957. The annual rate of production in 1956 
has so far amounted to 57 million tons and the 
increased output has been achieved largely by 
reliance on a marked rise in scrap consumption, 
much of which has had to be imported from the 
US.A. One of the main problems facing the 
Furopean steel industry is therefore a rapid 
increase in blast-furnace capacity. This in turn 
will require a substantial increase in coke-oven 
capacity. ; ; 

The E.C.E. report gives estimates of the 
annual rate of increase in steel consumption over 
the period 1955 to 1960, based on projected 
steel production and net imports or exports. 
The figure for the U.K. at 3-7 per cent. appears 
very low compared with 5-3 per cent. for 
E.CS.C. countries, excluding Western Germany, 
and 8-6 per cent. for Western Germany and the 
US.S.R. 

x *k * 


Thinking Bigger on Capital Spending 
It is now apparent that in the last few months 
(whatever the Suez crisis may have done to 
business confidence in the last few weeks) capital 
expenditure by industry as a whole has been 
larger than had been expected and that it plans 
to spend more over 1956 as a whole than has been 
estimated. The only industry which does not 
benefit from these revised figures is motor-cars, 
a significant fact in itself because the purchase 
of cars by companies as opposed to individuals 
is still the backbone of the car trade, no matter 


17 per cent. increase they were hoping to achieve 
in 1956 when they were asked to consider their 
future activity at the end of 1955. Again the 
main increase is in plant, machinery and build- 
ings. Large upward revisions have been made in 
non-metaliferous mining, paper and printing. 
It is clear that on the whole confidence has been 
well sustained in industry in the second quarter 
of this year. These figures could, of course, be 
misleading for they deal with percentages of total 
figures and it would be possible for one or two 
optimistic company boards in a small sample 
of companies in any one category to weight the 
results disproportionately. Perhaps the final 
nuances of investment forecasting will become 
more apparent if the Government succeed in 
persuading industry to make fuller returns of 
their expected capital outlay in the future. 


x ® ® 


Maritime Transport 


The second annual report of the Maritime 
Transport Committee of the O.E.E.C. deals with 
a wide range of developments in maritime 
transport and in shipbuilding throughout the 
world during 1955. In relation to current world 
politics, among a wealth of statistics, perhaps 
the first to catch the eye is that showing the 
five-fold increase over the last ten years in total 
tonnage passing through the Suez Canal from 
21-9 million tons in 1946 to 107-5 million tons 
in 1955. The latter figure represents one-seventh 
of total world seaborne trade, estimated at about 
750 million metric tons in 1955 compared with 
710 million metric tons in 1954, and only 470 
million metric tons in 1939. 

Total world shipping tonnage increased from 
65-6 million gross register tons in 1939 to 





Launch of S.T. « Evgenia Niarchos ” on Wednesday, August 8. Reference is made to the vessel in 
the note ‘* Maritime Transport” which discusses the O.E.E.C. annual report on shipping. 


how much personal expenditure on motor-cars 
may have grown in the last year or two as a 
proportion of the whole. 

So far as the first quarter of 1956 was con- 
cerned an original estimate of an increase in 
capital outlay of 25 per cent. on the correspond- 
ing quarter of 1955 turned out to be 27 per cent. 
In shipping the first quarter increase proved to 

124 per cent. against a provisional 8 per cent. 
The revision was spread over two of the three 
chief categories of investment expenditure. The 
outlay on plant and machinery proved to have 
increased by 23 per cent. against the earlier 
estimate of 20 per cent. and that on building 
work went up from 43 per cent. to 47 per cent. 
In contrast, the increase in expenditure on vehicles 
dropped from 15 per cent. to 9 per cent. 

Taking 1956 as a whole, manufacturing com- 
Panies expect to spend 21 per cent. more than 
they hoped to do in 1955 compared with the 





97-1 million gross register tons in 1955, the 
latter figure including the United States reserve 
fleet which was then laid-up. The increase in 
world tonnage was therefore substantially in 
line with that of tonnage carried. In 1955, 
however, an increased demand for dry cargo 
tonnage developed, mainly due to heavy coal 
shipments from the U.S.A. to Europe and Japan 
and to increased ore requirements for the expand- 
ing world steel industry. The O.E.E.C. committee 
concludes that if the world economy continues 
to expand over the next few years, the present 
substantial shipbuilding programme will have 
to be maintained for some time. 

At December 31, 1955, new construction in 
hand or on order in the world as a whole totalled 
17-8 million gross register tons, which at an 
average rate of completion of 5 million tons 
per annum will ensure employment in shipyards 
for over 3 years. The committee states that in 
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all competitive shipbuilding countries the volume 
of new orders is so great that generally deliveries 
cannot be given under 3 to 4 years. It would 
therefore appear that the advantage which 
certain foreign shipyards have enjoyed over 
British shipbuilders of being able to quote earlier 
delivery is coming to an end, and that in the 
future, consideration of price will become the 
controlling factor. The O.E.E.C. committee 
has not found it possible to make direct com- 
parison of shipbuilding costs in different countries 
owing to the different specifications employed, 
but it is not encouraging to note that while, 
on the basis of an index of 100 in January, 1945, 
hourly rates of wages in the shipbuilding industry 
in the United Kingdom in April, 1956, are esti- 
mated at 185 and the price of steel plates at 204, 
the cost of building a 9,500 ton “Fairplay” 
basis ship stood at 278. At the launching of the 
S.T. Evgenia Niarchos last week, the representa- 
tive of the owners, Niarchos (London), Limited, 
stated that Vickers-Armstrong, who in the last 
six years had always had at least one ship under 
construction for the group, were unable to 
approach the deliveries and prices obtainable 
abroad. 
x = = 


Oil Tankers Replace Colliers 


The growing consumption of oil in relation to 
that of coal is reflected in the decision of William 
Cory and Son, Limited, to order no more 
colliers for their fleet when their present building 
programme is completed. Four vessels are at 
present under construction for the company, 
of which two will come into commission shortly 
and two more will be launched this year. Recent 
contracts placed by the company include three 
tankers of 18,000 tons deadweight, of which 
the first is due for delivery at the end of 1958, 
the second in the latter half of 1959 and the third 
in 1960. 

The report of the Maritime Transport Com- 
mittee of the O.E.E.C. referred to elsewhere 
in these notes, shows that the proportion of 
the total world fleet comprising tankers has 
increased from 17:2 per cent. in mid-1939 to 
27:2 per cent. in mid-1955. Of new tonnage 
under construction at the end of 1955, however, 
tankers accounted for 54 per cent. In dis- 
cussing future prospects in the tanker market, 
the committee pointed out that the recession of 
1952, which had reduced tanker freights in 
1953 and 1954 to a low level, was converted to a 
state of equilibrium during 1955. New orders 
for tankers, however, are expected to lead to an 
increase of world tanker-carrying capacity over 
the next few years of at least 50 per cent. The 
committee expressed the view that although 
scrapping of obsolete tonnage will modify this 
to a certain extent, the demand for transport of 
oil will have to continue on a very substantial 
scale in order to mantain the position in balance. 

Oil production in the free world expanded 

during 1955 by over 10 per cent. as compared 
with about 5 per cent. in 1953 and 1954, It is 
expected that future expansion will be at a rate 
of from 6 to 10 per cent. per annum over the 
next 10 years and if this is realised, there can be 
little doubt that the large new tanker building 
programmes will be fully justified. In addition 
to tankers, William Cory have also ordered two 
ore-carrying ships of 15,000 tons deadweight in 
partnership with the British Iron and Steel 
Corporation, with whom a long term charter 
will be concluded. The total cost of this 
building programme, including the colliers to 
be delivered this year, will be about £8 million 
and by extending the company’s interests in the 
field of oil and of ore, should in the long run 
counter-balance any decline which may take 
place in coal trading. 


x * * 


American and German Aero-Engines 
and Cars 
After months of rumours, agreement has been 
reached on a form of collaboration between 
Curtiss-Wright, the American aero-engine manu- 
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facturers, and Studebaker-Packard, the car and 
truck manufacturers. The proportion of the 
United States car market held by the “‘ indepen- 
dents ’” has been dwindling steadily in the face 
of intense competition from the Big Three— 
General Motors, Ford and Chrysler. Stude- 
baker-Packard made a loss of 29 million dols. 
in 1955, and this year their share of the market 
has shrunk from 2-06 to 1-9 per cent., despite a 
bold technical programme which included 
Packards with inter-connected front ana rear 
suspension with a self-levelling device, engines 
with a 10-to-1 compression ratio, and a self- 
locking differential to enable their enormous 
torque to be utilised without wheelspin. Packard 
production has been virtually at a standstill for 
some weeks, and does not seem likely to be 
resumed for a time. Studebaker will, however, 
be able to go on with a 1957 programme, and 
it is reported that both makes will emerge for 
1958 with new bodies based on a recent “* dream 
car” produced by the group. 

Curtiss-Wright will pay 35 million dols, for 
leases on various Studebaker plants, which 
they will use for defence contracts, and will 
take an active part in management of the car 
corporation with the possibility of taking over 
complete control within two years. They will 
place at least 100 million dols. worth of defence 
orders with the leased plants. It seems they 
are also to take over the Studebaker guided 
missiles division. As a corollary to this, negotia- 
tions are going on between Curtiss-Wright and 
Daimler-Benz. The immediate object is an 
agreement which would give Studebaker-Packard 
the right to use Daimler-Benz patents on 
Diesel engines in return for the right to use 
Curtiss-Wright aero-engine designs in Germany. 
This would naturally increase pressure on the 
West German Government to use American 
instead of British designs for their military 
aero-engines. 

Rumours that Mercedes Benz cars would be 
built under licence in the United States can be 
dismissed, but there is always a possibility that 
German-built cars might be sold through the 
Studebaker-Packard dealer network, although 
this seems at least doubtful in view of the failure 
of this network to hold its position in the market 
with American cars. 


x k * 


Shortage of Scrap Copper 


There is a growing shortage of copper-bearing 
scrap and residues and the “ increasing efforts 
of some metal merchants to obtain licences ” 
for the export of these materials are deplored 
by Mr. Thomas C. James, chairman of The 
Wolverhampton Metal Company Limited, in 
his annual report to shareholders. Secondary 
copper producers have been struggling against 
the shortage of scrap for some years and Mr. 
Thomas’ warning that “any diminution of the 
country’s stocks of scrap and residues . . . can 
only militate against the vital need to export 
manufactured products” is timely. There is 
also a danger, as Mr. Thomas points out, that 
the capacity of the British copper refining and 
smelting industry may not be fully employed 
if too much scrap is allowed to go abroad. 
Wolverhampton Metal benefitted greatly from 
the rising copper prices during the year ending 
March 31: their turnover was 40 per cent. 
higher than the previous year and profits one 
third higher. Copper prices had already begun 
to decline, from the peak figure of £437 a ton to 
£397 at the end of March. The fall continued 
since although there was a rise last week to 
£318 a ton. The general expectation is that 
prices will continue to recover, particularly if 
the present labour unrest on the Rhodesia Copper 
Belt develops into a major strike. The recovery 
of motor production in the U.S. and the increased 
output on the continent will certainly bolster up 
demand. The recent increase in the US. 
smelters’ prices was followed by a wave of 
buying by Western Germany. There are few 
signs that world demand for copper, particularly 
high grade electrolytic copper, is falling and should 





there be any interruption in production in 
Rhodesia prices can be expected to rise sub- 
stantially above the present level. It is significant 
that Wolverhampton Metal, one of the leading 
copper smelters and refiners in the country, 
should be much more concerned with supplies 
of raw materials than with their order book. 


* *& 


Inflation in the Commonwealth 


The past week has been filled with news of anti- 
inflationary measures in Commonwealth countries, 
particularly disturbing to British exporters. 
Australia has announced severe cuts in expendi- 
ture which are only too likely to lead to further 
import restrictions. Restrictions are now so 
severe that many Australian traders are being 
forced out of business. Representatives of 
traders have asked the Government to set up an 
appeals committee to review administrative 
decisions on import licences. Mr. Menzies, 
the Prime Minister is said to have “* encouraged 
the belief that the bedrock of restrictions had 
been reached and that they would be removed as 
soon as possible” but there are few signs so far 
that the country’s basic balance of payment 
difficulties are near to being solved. New 
Zealand’s finance minister, Mr. Watts, has 
announced that imports might need to be further 
reduced unless export receipts increase or large 
sums are borrowed overseas: ‘“‘ consumption 
and development are now at a higher level than 
we can maintain with safety.” The Canadian 
Government have found it necessary to increase 
the Bank Rate to 34 per cent. (it was 14 per cent. 
a year ago). If financial measures do not succeed 
severe balance of payments difficulties are 
expected to develop, imposing a necessity to reduce 
the level of imports. 

There are some redeeming features in this 
depressing situation: the Australian wool crop 
for 1955/56 is a record and demand is high. 
Consumption throughout the world is increasing 
and there is every prospect of a good price during 
the coming auctions. The recent trade agree- 
ment between the U.K. and Australia is designed 
“to help the Australian balance of payments 
and thus to enable Australian quantative import 
restrictions to be -reduced.”” New Zealand is 
negotiating large overseas loans and Canada is 
relying more on increased production and 
increased imports than on restrictions, at any 
rate for the time being. 

Notwithstanding these rays of hope, the 
plight of British exporters is a serious one, and 
immediate relief is unlikely. Small wonder 
therefore that more and more are casting an 
envious eye on Western Europe. The British 
Government are now committed to participate 
in the reduction of tariffs in European trade. 
A new policy is emerging, and sooner or later it 
will clash with that of Imperial Preference. There 
will in any case be little point in Commonwealth 
exporters having duty-free entry into the British 
market if they can export duty-free to all major 
industrial countries. From the British exporter’s 
point of view, the choice between preferences in 
Commonwealth markets and free trade with 
Western Europe is governed mainly by his 
assessment of prospects in each case. On the 
showing in the past decade, Western Europe looks 
like an extremely promising proposition. The 
Soviet Union and Eastern Europe are also 
developing and promising markets. Many are 
now asking if free trade would not be to this 
country’s advantage. An affirmative answer 
could only be given if British industry was fully 
competitive in “neutral” markets. This is 
not yet so, universally. But the removal of 
preferential tariffs might well make it competitive 
quicker than almost any other means. 


x k * 


Profits Increase Less 


The rate of increase in company profits during 
1955/56 has fallen, and there are some indications 
that it is continuing to decline. This does not 
mean that British industry was having a bad 
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time during the financial years ending 
January and July, 1956. “The Financial Times 
analysis of 2,354 public companies (profits 
and balance sheets) who have published their 
reports during the first seven months of 1956 
shows that trading profits were 10-4 per cent 
higher than in the same period last year. This 
indicates some slackening in the rate of i 

The tailing off is most apparent in the result, 
of the 292 companies received in July: the rig 
was only 54 per cent. 

Engineering companies have done better than 
the average. The 259 concerns included in the 
analysis reported trading profits of £159.7 
millions, 14-2 per cent. higher than last year 
Iron and steel companies did particularly well, 
with an increase of 31 per cent. Motors and 
aircraft profits rose by 13 per cent. and those of 
shipbuilding companies by only 4 per cent, 
despite the industry’s very heavy order book. 

The monthly publication of such statistics 
should be of immense value to industry, enabling 
each company to compare and contrast their 
performance with the average. Unfortunately 
the information is limited: there are no figures 
for turnover (net sales), fixed assets, indebtedness, 
etc. Should these be available it would be 
possible to work out operating ratios as is done 
in the United States by Dun and Bradstreet Inc, 
A vice-president of the Company, Mr. Roy A. 
Foulke, has evolved 14 ratios which reflect many 
aspects of business activity for most main indus- 
trial groups. Each group, e.g., automobile 
parts and accessories, is divided into three 
sections: upper quartile, median and lower 
quartile in accordance with the ratio of current 
assets to current debt. Such figures are of 
considerable assistance to any company wishing 
to find a yardstick to measure their results witha 
group of like concerns by knowing, e.g., what is a 
typical relationship between profits and turnover, 
or sales to working capital, or stocks to net 
working capital. (“The Genesis of the 14 
Important Ratios” and “ Practical Financial 
Statement Analysis,” by Roy A. Foulke, Dun 
and Bradstreet, Inc., New York). 

This is the kind of information needed by 
industry, to set standards of performance. 
For this reason few should quarrel with the 
recent Government move to get more information 
from industrial concerns (see “* More Data for 
Crystal Gazers,”’ Weekly Survey, August 10, 
page 165). Industry requires its statistics even 
more urgently than Government planners. 


x k * 


VHF Sound Broadcasting 


A further stage in the plan to provide nation-wide 
coverage of its sound programmes by means of 
very high frequency transmission is to be under- 
taken by the British Broadcasting Corporation. 
This consists in construction of six stations at 
Rowridge, Isle of Wight; Kirk o’Shotts in 
Scotland: Sandale, near Carlisle; Anglesey; 
Corwen, North Wales; and Rosemarkie, Moray 
Firth. It is hoped that the stations at Rowridge, 
Kirk o’Shotts, Sandale and Corwen will be 
completed by the end of 1957 and the other two 
during 1958. Each station will carry the Home, 
Light and Third Programmes, except Corwen, 
which will broadcast the Welsh Home Service 
only. The station at Sandale will carry the 
Scottish Home Service in addition to the other 
three programmes. 

As indicating the progress made in the use of 
very high frequency broadcasting it may 
recorded that of the ten stations authorised 
in the first stage of the programme those at 
Wrotham, Pontop Pike, Divis and Meldrum are 
already in full service, while temporary trans- 
mitters are in use at Wenvoe and Penmon. It is 
hoped that of the remaining stations in the first 
stage, those at Norwich, Sutton Coldfield, Holme 
Moss, Wenvoe and North Hessary will be 
completed before the end of the present year 
and that at Blaen Plwy early in 1957. Of these 
the first four will have an effective radiated 
power of 120 kW from each transmitter, while 
that from the other two will be 60 kW. 
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ENGINEERING CONTRACTS 


2—PUTTING IT IN WRITING 


By F. H. B. Layfield 


The second of a series of about 10 advisory articles 
on the law of contracts. Mr. Layfield has written 
the articles for engineers and others concerned with 
the preparation of engineering contracts. The 
first article appeared in ENGINEERING, August 3, 


1956. page 137. 


The process by which an engineering contract 
is created has usually three clear stages. An 
invitation to tender is followed by an actual 
tender to do the work required, the process being 
completed by an acceptance of the tender. 
This acceptance, however, is not always expressed 
in an unqualified manner. The most frequent, 
and most often disputed, form of qualification 
which engineers and employers seek to add to 
their acceptance is a statement that their assent 
ig subject to the preparation and execution of 
a formal contract. 

The formal contract usually consists of two 
parts. In the first place, there is a short formal 
Agreement. Secondly, there is a group of 
supporting and explanatory documents, such as 
the General Conditions and the Specification, 
which, taken together, describe and define the 
whole of the contract subject-matter and the 
rights and obligations of the parties to the agree- 
ment. There are real advantages in embodying 
the agreement in this formal way, especially if 
the subject-matter is complex. Indeed, it is often 
essential to do so if one of the parties is a 
corporation, for otherwise the agreement may 
prove unenforceable. The formal contract 
embodies all the terms of the agreement in a 
manageable form capable of easy reference. 
Moreover, the whole of the agreement having 
been reduced to writing, there is less chance of 
ambiguity and doubt. It is also particularly 
useful to have clearly stated exactly what docu- 
ments are to be regarded as part of the contract. 


CAREFUL DRAFTING NEEDED 


If full benefit is to be obtained from the 
existence of the formal contract, there are 
aspects of its drafting which will repay special 
care and attention. Certain drafting points are 
matters for professional advice; but there is 
much that the engineer can do on his own part 
to ensure that the contract is properly drafted. 
Specimen forms for the short formal agreement 
are appended to the standard forms of contract 
produced by the leading professional institutions. 

These standard agreements enumerate the 
documents which are declared to form part of the 
contract, but the existence of a printed list should 
never deter the parties from considering most 
carefully whether this list of documents is suited 
to their particular case. 

Once a contract has been reduced to writing, 
no evidence, apart from the documents actually 
forming part of the contract, can normally be 
adduced. The question which an engineer or 
purchaser should ask himself, therefore, is 
“ Will the list of documents declared to form the 
contract provide all I need in the event of a 
dispute?” It is proper and advisable to 
consider in this connection what will happen if 
the contract goes wrong. A vital term may have 
been agreed upon between the parties, in a 
letter. If that letter is not one of the contract 
documents, then the condition agreed upon will 
usually form no part of the contract. The Davis 
case, quoted in the preceding article, shows how 
important such an omission may be; the failure 
to include such a document in the contract may 
cost the party concerned many thousands of 
Pounds. It is almost equally desirable not to 
include more documents in the list than is 
necessary for the purpose of completeness. It 
does not follow that, because a document is on 
the standard list, it is always desirable to leave it 
there, and so include it. In the instance of very 





complicated works there may be discrepancies 
between the bill of quantities and the specifi- 
cation; if both these documents form part of the 
contract it may be difficult to decide which shall 
prevail in the event of a dispute. Sometimes, it 
may be advisable to incorporate only one of these 
two documents as a part of the contract, but 
then a schedule of prices should normally be 
included in order to quantify any variations in 
the contract work. 


CHECK OF SUPPORTING DOCUMENTS 


When the list of documents has been checked 
and settled, the actual documents concerned 
should be clearly identified. It is often difficult 
later on to say with certainty which particular 
version of a document was incorporated in the 
contract. Some of the standard forms of 
contract expressly provide that the documents 
appended to the formal agreement are to be 
signed for identification purposes. This is a 
most useful precaution. No mention of this 
practice is made in the agreement attached 
to the Institution of Civil Engineers’ General 
Conditions, but, it is suggested, it is a very 
helpful addition to make to it. Most of the 
documents attached to a formal agreement are 
technical and of them nothing more need be 
said here. The one important non-technical 
document is usually the General Conditions. 
The use of these standard conditions saves much 
time and trouble, but they need to be used with 
more care than is sometimes appreciated. The 
pitfalls which concern particular clauses of these 
conditions will be the subject of succeeding 
articles. There are, however, a number of 
general points in connection with the General 
Conditions which may usefully be mentioned. 

A great many problems which arise in connec- 
tion with engineering contracts are concerned 
with the meanings to be given to words used in 
the written documents. The general rule has 
long been clear: namely, that words will be 
construed according to their “ plain, ordinary 
and popular sense,” unless, from the instrument 
itself, and the intention of the parties as expressed 
by the instrument, they appear to be used in a 
different sense, or unless, of course, when used 
in their strict sense, they are incapable of being 
carried into effect. To avoid as much doubt as 
possible in the use of words, most standard 
forms start with a Definitions Clause. This 
clause needs to be carefully checked against the 
circumstances of each particular contract. More- 
over, if the meaning of words used in the contract 
documents is likely to be in doubt, it may be 
advisable to have such words defined in this 
clause. This course is especially desirable 
where one of the parties has been invited in a 
preliminary stage to state the meaning he 
attaches to particular words. 


ALTERATIONS AND DELETIONS 


Alterations are frequently made to printed 
forms before signature. If these alterations 
include deletions, then the words that have been 
so deleted cannot be considered for the purpose 
of construing the contract. Such deletions are 
often of first importance and it is desirable that 
both parties initial them. It should be noted 
that, while alterations cannot, of course, be made 
by one party after the agreement has been 
signed, the parties can agree together to make a 
variation in the terms. 

In most printed forms of contract, a number 
of blanks are left for completion by the contract- 
ing parties, and it is surprising how often the 
parties sign the document without ensuring that 
these blanks have, in fact, been completed. 
There have been instances, for example, where 
completion dates have been agreed to by letter, 
that letter not included in the contract, and then 
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the blanks in the relevant appendix not com- 
pleted. It is not safe to assume that the court 
will permit the date to be added, or allow 
evidence to be adduced that each party knew 
of the date. Sometimes, although the blanks 
have been filled in, the added words may be 
inconsistent with some printed words. This 
problem may also arise where written matter has 
been added to the printed clauses. The rule in 
such cases is that 
**the written words are entitled to have a 
greater effect attributed to them than the 
printed words, inasmuch as the written 
words were the language and terms selected 
by the parties themselves for the expression 
of their meaning.” 


SUMMARY 


A contract may be created by the simple 
process of offer and acceptance or, once agree- 
ment has been reached, it may be recorded in the 
shape of a formal, and often elaborate, contract. 
It should not be assumed, however, that the mere 
statement that an acceptance is “subject to 
formal contract’’ is necessarily adequate to 
prevent the existence of an enforceable agreement 
before such formalities are completed. There 
may be a concluded contract as soon as the 
parties have agreed upon all the material terms 
and have merely agreed that these terms shall be 
embodied in a formal document in due course. 
Sometimes, it is desired that a formal contract 
shall be signed before the agreement is to be 
regarded as complete. In such cases, care 
should be taken to ensure that acceptance is 
expressed to show that further steps or negotia- 
tions are contemplated before a binding contract 
is concluded. 

When advantage is taken of a formal contract, 
a short agreement will be its prime instrument. 
This instrument will detail the list of documents 
that form part of the contract. These documents, 
and, generally, these documents only, will be 
admissible in evidence to explain the terms of the 
contract, should there be any dispute. It will, 
therefore, pay the engineer or employer to 
scrutinise carefully this list, to ensure that it 
contains all the documents necessary to explain 
the whole of the contract. At the same time, 
there are dangers in including too many docu- 
ments, for this may lead to difficulties if any 
inconsistencies appear. Above all, the standard 
printed list should not be accepted as correct for 
all contracts, merely because it happens to be 
a printed list. 

The standard General Conditions may form 
part of the contract, whether the contract be 
formal or not. Some elementary precautions 
in the use of these conditions are advisable. 
Words used in all the contract documents should 
be considered, as they will bear their normal 
meanings. If, however, there is likely to be any 
doubt about the meanings of such words or 
phrases it may be advisable to define them for the 
purposes of the contract. Deletions and omis- 
sions also need to be carefully watched. Altera- 
tions and erasures should be initialled and should 
also be consistent throughout the whole of the 
contract documents. 

The blanks left in the standard forms should be 
systematically checked. If words which should 
have been inserted are omitted, evidence will not, 
normally, be admissible later to show what should 
have been written in the spaces. Finally, 
additions made to the standard forms, either of 
individual words, phrases, or clauses, will prevail 
over printed provisions, in the event of any 
inconsistency. Accordingly, when additions are 
made, the effect these may have upon the printed 
conditions should be borne in mind, or some 
unwelcome results may be produced from this 
lack of care. 

It is not suggested that attention to the points 
here mentioned will obviate the need for proper 
advice whenever it is desirable or necessary. 
However, care in watching these points will 
certainly remove some of the more frequent 
causes of trouble in contract cases and will help 
to prevent the unpleasant surprises which may 
otherwise arise. 





TURBINE BLADE VIBRATION 


METHOD OF MEASUREMENT AND EQUIPMENT 
DEVELOPED BY BRUSH 


By F. Andrews, A.M.I.MECH.E., A.M.I.E.E.* and 
J. P. Duncan, M.E., A.M.I.MECH.E.t 


Although turbine blades are proportioned in 
the first instance from thermodynamic con- 
siderations, their dynamic characteristics in 
respect to all possible modes of vibration are 
of great concern to designers. The danger of 
resonances of blades or blade-packets in working 
machines and the consequential failure due to 
fatigue is too well known to require amplification. 
The present trend towards ever increasing 
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Fig. 1 The calculation of the frequency of 
vibration of a turbine blade is based on the 
consideration of a simple cantilever. 


Fig. 3 Test rig for determining the natural frequency of a single blade. 


capacity and reliability of turbo-generators has 
necessitated the development of suitable equip- 
ment to ensure that dangerous resonant con- 
ditions are avoided. Demands for expanding 
production and for the shortening of manu- 
facturing time also require that any test or 
investigation shall be made with minimum 
extension of delivery dates. 

In the following account of methods and 
equipment developed by Brush Electrical Engi- 
neering Company, Limited, Loughborough, 
equipment is described for recording the 
behaviour of blades assembled in turbine rotors 
when these are rotating in vacuum, and for 
preparatory static tests to determine the degree 
of tuning possible by various methods. The 
rotational tests are based on the electrical 
resistance strain gauge technique which can be 
applied to both steam and gas turbines, and has 
the advantage that with suitable development it 
is applicable to blading operating under normal 
working conditions. 


CALCULATION OF FREQUENCIES 


To examine theoretically the problem intro- 
duced above, the modes and natural frequencies 
of blades and blade assemblies must be known, 
together with the frequencies of all sources of 
excitation. The natural frequencies present the 
most difficult problems, since blade systems 
consist of continuous elements of stiffness and 
inertia. The modes and nodal shapes are 
therefore difficult to predict. Further, the 
degree of fixation provided by mechanical 
blade-root attachments is often indefinite and 
dependent on shop procedure. Finally, centri- 
fugal force acting on the blades of an assembled 
rotor under working conditions will affect both 
the stiffness of the vibrating elements and the 
degree of root-fixity. 

It is usual to base a design method on a single 
blade fixed as a cantilever, as shown in Fig. | 
Where the blade is of uniform cross section from 
root to tip it is comparatively simple to calculate 
approximately the natural frequency of the 
first mode by assuming a shape for the neutral 
axis during vibration. The precise calculation 
is far more laborious and requires a knowledge 


By illuminating the vibrating 


blade with a stroboflash, the microscope can be used to determine the dynamic deflection curves. 
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Fig. 2 Diagram of the principal modes of packet 
vibration. 
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of the exact shape of the dynamic deflection 
curve. The single blade will have its lowest 
mode and frequency when vibrating in the plane 
xx with which will be associated harmonic modes, 
Another series of modes will be associated with 
plane yy and a third with torsional vibration 
about O. Tapered blades introduce further 
complications to the above calculations. 

When assembled in packets, blades are 
generally tied together by intermediate wire 
lacings or by shrouding. It has been found that 
a group of blades so arranged exhibit the three 
principal modes of vibration, of the ferm shown 
in Fig. 2. More complicated modes are possible 
but these have been found to be of less importance, 
Existing methods of design endeavour to relate 
the behaviour of single blades to that of packets, 
The effect of shrouds in stiffening and adding 
mass to packets and the indefinite end-fixity 
which they afford will be obvious. In addition, 
an allowance must be made for all the likely 
effects of rotation. 


BLADE FREQUENCIES 
BY EXPERIMENT 


It is customary to make physical tests on 


vr 





Fig. 4 The natural frequency of a blade depends 
considerably on the form of root-fixation and a 
blade packet can be examined on a bench fixture. 
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Fig. 5 
mined. 


The characteristics of the assembled blading may also be deter- 
Both moving-coil and electro-magnetic exciters are used to 


generate virbrations in these tests. 


stationary blades and stationary packets of 
blades to confirm or supplement calculations. 
Separate blade tests are conducted in order to 
find natural modes and frequencies which are 
important for confirming calculations and also 
to determine endurance limits for blade materials 
and blade designs. Tests on blade packets are 
usually designed to find the modes and fre- 
quencies which may be excited in actual machines 
and to experiment with means of altering 
natural frequencies to avoid known excitation 
frequencies. The principal means used is the 
fitting of lacing wires and damping wires as 
described later. Tests on packets may be 
performed on a stationary rotor to which 
packets have been mounted by a standard 
production method or, during development, on 
a bench clamping fixture. While such tests go 
a long way towards resolving the difficulties of 
calculation, they still fail to deal with the effects 
of rotation. 

It would appear to be a desirable objective, 


therefore, to measure blade vibration on 
assembled turbine rotors while in normal 
operation. General studies of this nature could 


be performed on a specially designed turbine 
but it is unlikely that such a machine should 
become available. On the other hand, with 
suitable recording equipment the behaviour of 
blade assemblies in working production machines 
might be observed and the results compared with 
present design practices. With equipment des- 
cribed below, production rotors rotating in 
vacuum have been tested. At the same time, 
refinements in apparatus and the development of 
high temperature and waterproof electric resis- 
tance strain gauges are proceeding towards the 
desirable objective of testing gas and steam 
turbines under load. 


LJUNGSTROM TURBINES 


The general construction of the Ljungstrom 
radial flow turbine is too well known to require 
detailed explanation. A typical impression of 
the rotor of such a machine will be found in 
Fig. 9, page 204. The two rotors of the machine, 
referred to as “‘ ordinary end” and “ governor 
end” are counter rotating, each actuating an 
alternator. Each turbine rotor is overhung 
from its associated electrical rotor, so that blade 
rings of one interleave with blade rings of the 
other. Steam introduced to the centre of the 
Machine flows radially outwards in a steam 
space sealed by radial labyrinth glands. It 
first passes through a series of “ inner blade- 
rings.” These consist of blades cut from 
machined or extruded strip welded into dovetail 
section rings. This assembly is then rolled at 
cach end into strengthening rings. The strength- 
ening ring nearest to the disc which supports 
It ts rolled on to the well-known dumb-bell section 
€xpansion ring which is in turn rolled into a 





rectangular-section seat- 
ing ring. This is caulked 
into a_ circumferential 
groove in the side of the 
turbine disc by means of 
a square-section wire. 
Beyond a certain 
radius, welded construc- 
tion can no longer be 
used owing to increased 
stresses. A different type 
of construction is there- 
fore adopted for the 
outer rings in which 
blades milled from the 
solid with integral roots 
are fixed at theirendsin “KA 
dovetail section grooves i a i 
milled on the inner faces <a | 
of strengthening rings. | 
The steam after leaving 
the radial flow portion 
of the blading is deflected 
through one or more 
stages of axial flow blad- 
ing in the larger sizes of 
turbines and then flows 
downwards to the ex- 
haust opening in the yj}! 
casing. These latter | 
| 


L toL, 


Vibration Frequency 


a 


stages are similar to 
those encountered in 
conventional axial flow 
machines, the blades 
being attached to the 
periphery of the discs by 
means of de Laval or 
circumferential _ fir-tree 
root fixings. 

_The elements most sensitive to dangerous 
vibration are the blade rings and the blade 
packets of the axial flow stages; the extreme 
rigidity of both discs and radial flow blades 
excludes their modes from excitation by any but 
weak higher harmonics. 

Excitation frequencies have been found by 
experience to be harmonically related to the 
rotational frequency of the turbine. Mainly 
they are due to deviations from radial and 
circumferential symmetry of the pressure distri- 
bution through the axial and radial flow blading 
respectively. 

The frequencies at which excitation is possible 
are therefore known. The problem of design is 
to ensure that none of the vibrating elements 
have natural frequencies too close to the 
harmonics of normal running speed. it has 
already been mentioned that centrifugal forces 
affect natural frequencies. These frequencies 
are therefore required as functions of rotor 
r.p.m. if the situation is to be accurately 
assessed. 


( a) Original Design 
(33756) 


Fig. 6 Fatigue test on a blade ring of a Ljungstrom turbine. 
graph was taken stroboscopically to show positions and extent of maximum 


Resultant Vibration .- 
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(b) Modified Design 
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Fig. 7 Diagrams showing the effects of changes in blade fixing designed 
to reduce frequency scatter. 


STATIC TESTING OF BLADES, PACKETS 
AND RINGS 

Fig. 3 is a reproduction of a photograph of 
equipment used at Brush for the study of single 
blades. The blade is clamped by its root to an 
anvil and excited by a direct-current polarised 
electro-magnet. Various modes including the 
torsional mode may be excited by locating the 
magnet suitably and supplying it with an alter- 
nating current input signal having the frequency 
of the mode under study. A precision oscillator 
controls the output of a 1 kW power amplifier 
supplying the electromagnet. 

Although this equipment is employed for 
finding the natural frequencies of a blade it is 
used principally for fatigue testing. The endur- 
ance limit of a new blade design, the variability 
of production batches or the suitability of blades 
which are not strictly to drawing can all be 
investigated by means of comparative tests. For 
this purpose after the blading has been brought 
into resonance in the particular mode required, 
circuits in the fatigue control unit are used to 
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Fig. 8a 


control, by feed back from the blade under test, 
the power amplifier output. The fatigue control 
unit includes a bank of “ decatron” counting 
tubes which accurately cover every 1,000 oscilla- 
tions of the blade, regarding this number as a 
unit on a magnetically operated mechanical 
counter. With the onset of fatigue-cracks and 
even before these can be detected by eye, the 
frequency of blade and exciter will fall due to 
reduced blade stiffness. A further circuit 
incorporated in the fatigue control switches off 
the power amplifier when the frequency falls by 
2 per cent. This fixes a definite end-point to the 
fatigue test. The test may subsequently be 
extended until visible cracks and even failures 
occur, thus revealing sections of weakness. 

The free end of a vibrating blade can be 
revealed by suitable illumination. The plane of 
vibration which will be normal to the axis of 
least second moment of area of the section is 
clearly seen. By setting the microscope normal 
to this plane and illuminating the vibrating 
blade by stroboflash the amplitude ai any position 
along the blade may be observed. The micro- 
scope can be traversed on its tranverse slide over 
the length of the blade. By moving it in turn 
to a number of stations along the blade-length 
the shapes of the dynamic deflection curves 
may be determined. These accurately reveal 
the modes of vibration and assist in calculating 
the natural frequencies of new blades of similar 
design. 

Packets of blades are tested when mounted 
on a bench fixture as in Fig. 4 or after assembly 
to the rotor discs as in Fig. 5. Tests in the bench 


Fig. 9 A 50 MW rotor wired for testing in an 
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leads from the Ist and 2nd stage blading to the slip-ring unit. 
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Fig. 8 Electrical resistance strain gauges have been used to determine the vibration characteristics of 
Diagram (a) shows the positions of the strain gauges and the 


Diagram (b) shows the routes of the 


leads from the gauges in a working machine. 


fixture are designed to find and, if necessary, 
modify the natural frequency of packets. Both 
moving coil and electro-magnetic exciters are 
used in these tests. A crystal exciter has also 
been manufactured to investigate short blades 
of high natural frequency and has the advantage 
of low power consumption. The modes of 
packet vibration which normally require investi- 
gation are depicted in Fig. 2. These, and more 
complex modes, can be excited by a suitable 
location of the exciter; the phase and amplitude 
being explored by means of a probe attached to 
a microphone element. The method of detection 
is well known. In initial tests blades are 
provided with a number of holes as shown. A 
preliminary test 

suffices to find 

the natural fre- 

quencies of the 

packet. Should £ 
these be unsuit- 

able monel 

tubes or steel 

wires may be T 
threaded (33751. 
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Fig. 10 Strain gauge potentiometer circuit. In 
the expression shown, Y is Young’s modulus for 
the material under test; P is the strain-gauge 


sensitivity factor; U is the amplifier again; and 


V is the R.M.S. value of the amplifier output. 





evacuated air chamber. 


through the holes provided to effect changes, 
These tubes or steel wires may be brazed to 
the blades or be friction fits. In the first case 
they effect a change of stiffness and are called 
“lacing wires”; in the second they cause 
damping and are referred to as “ damping 
wires.”” The tubes may also be crimped between 
the blades. This provides a ready means of 
adjusting their bending stiffness and consequently 
their effect on the natural frequency of the 
packet. 

The blade rings, mentioned earlier, which are 
peculiar to the Ljungstrom turbine, are tested in 
the manner illustrated in Fig. 7. The photo- 
graph—taken under a stroboflash—shows one of 
several modes of vibration. There is a Itin, 
amplitude along the 36 in. diameter. Modes in 
which the ring twists as well as bends have also 
been observed. This results in the minor axes 
of top and bottom edges of the ring being 
normal to each other. Tests of this nature are 
designed to ensure adequate fatigue strength in 
the root fixing “lip” of the ring. The blade 
rings are considerably stiffened by the rotor disc 
to which they are attached on their root side. 
The natural frequencies of the rings when so 
stiffened are also found by suitable measurement. 


ROTATION EFFECTS ON BLADES 


When blade packets are assembled on a rotor 
by a standard production method, it is found 
that appreciable variation in root fixity gives 
rise to variations in the natural frequencies from 
packet to packet round a complete row. Further 
changes in natural frequency are known to take 
place as the rotor rotates. These changes are 
partly due to the stiffening effect of centrifugal 
force and also to variations in root fixity. Under 
these circumstances successive packets round a 
wheel will interchange their energy through 
coupling effects and the behaviour of the wheel 
may be more complicated than appears at first 
sight. 

To illustrate the effect of rotation on root 
fixity the de Laval blade-root, fitted to an axial 
slot, may be quoted. This is illustrated in 
Fig. 7. As formerly used, this root was a tight 
fit in the bulb and a light push fit in the slot. 
At speed the slot opened out as shown dotted, 
increasing the effective length of the blade subject 
to vibration and altering the natural frequency 
from that observed in static tests (quite apart 
from the stiffening effect of centrifugal force). 
The problem was solved by giving the neck and 
shoulder of the blade adequate clearance so that 
the blade was effectively fixed at the bulb, 
whether stationary or rotating. Where stresses 
warrant the expense of the “fir tree” type of 
fixing, the de Laval root is now being superseded 
by this type. 


OBSERVATION ON ROTORS 


Sufficient has been said to make clear the 
desirability of observing the vibration of blading 
components in working machines. Three pfil- 
cipal difficulties stand in the ,way of such @ 
procedure, but none of these are insurmountable. 
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Fig. 11 A slip-ring, incorporating a tachometer reading up to 10,000 r.p.m., is used for transferring 
signals from the rotating shaft to the recording apparatus. 





~ 


Compact lightweight moisture-proof sensitive 
elements or pick-ups capable of working at 
moderately high temperatures are required at 
the component surfaces. Electrical leads must 
have access from the elements through the rotor 
to the frame of the machine. The signals from 
the sensitive elements must be faithfully trans- 
mitted to recording equipment. 

An obvious choice of sensitive element is the 
electrical resistance strain gauge. Brush are 
currenily investigating various types of gauges 
and suitable fixing techniques, but this work is 
still in a development stage. New methods of 
Moisture proofing are also being examined and 
some of these have been applied in tests con- 
ducted in an evacuated air space as described 
below. In these tests a steam seal is used and 
the gauges and leads are exposed to water vapour 
and danger of short circuiting. 

The gauges must be attached to axial flow 
blades near their roots or to strengthening rings 
and electrical leads must be conducted down the 
rotor to a slip-ring unit, as in Fig. 8 (a) and (6). 
The construction of a Ljungstrom turbine makes 
this even more difficult than would be the case 
for a pure axial-flow turbine. 

At the present time no working turbine has 
been so wired, but rotors from actual machines 
have been wired, as is shown in Fig. 9, the rotor 
being overhung in an evacuated chamber through 
4 steam-sealed gland (see Fig. 12). The radial 
labyrinth gland rings on the rotor and radial 
flow blade rings are not engaged with their 
Counterpart in these tests. Hence the leads 
from the gauges can be cemented across these 
labyrinth strips or blade rings and led along the 
shaft to a slip-ring unit as shown in Fig. 8 (a). 
The remaining problem is to choose a circuit 
in which to incorporate the detecting strain 
Sauge. It must also be decided whether both 
the steady and alternating components of strain 
Or just the alternating components are to be 
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Fig. 12 For handling a large number of gauges a selector switch 
has been made for use with the slip-ring unit shown in Fig. 11. 


measured; whether both ampli- 
tude and frequency or just 
frequency are to be found. This 
hinges on the relative advantages 
and disadvantages of alternating- 
current or direct-current circuits 
and on the effects of capacitance 
leakage to earth from long flexible 
leads. 

In the system to be described 
the relative magnitude of the 
alternating-current output signal 
from the potentiometer circuit 
(Fig. 10) is used to indicate the 
onset of resonance. A calibration 
is made, if necessary, to determine 
absolute amplitudes, but the fre- 
quency of the signal is the factor of 
primary interest and this can 
readily be found by comparison 
with a precisions ocillaton. 

To transfer signals from rotat- 
ing to stationary member an 
efficient slip ring unit is necessary. 
The unit being used is shown in 
Fig. 11. It has nine silver palla- 
dium rings of % in. diameter by } in. width, the 
brushes—two to each ring—being of 80/20 silver 
graphite by weight. In tests on steam turbine 
blading maximum speeds of 3,600 r.p.m. are 
attained, the noise level being extremely low. 
For tests made on gas turbines and turbo- 
blowers, successful operation up to 15,000 r.p.m. 
has been attained and further developments 
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are in progress to extend the range to 30,000 
r.p.m. Incorporated in this slip ring unit is a 
30 toothed tachometer head which, used in 
conjunction with an electronic tachometer, 
makes possible the measurement of speed up 
to 10,000 r.p.m. with an accuracy of + 1 r.p.m. 
The range may be extended to cover 100,000 
r.p.m. with a corresponding accuracy of 
+ 10 r.p.m. 

Since it will be necessary to observe each of a 
large number of gauges with equipment capable 
of handling only a limited number of simul- 
taneous signals, some form of switching is 
required. A relay selector unit is therefore 
mounted on the rotating member (as shown in 
Fig. 12) to perform this function before the 
signals reach the slip rings. This relay switches 
groups of three gauges from a maximum of 24 
and feeds out their signals simultaneously. 


MOBILE RECORDING 

With a view to pursuing the line of investiga~ 
tions outlined above, the mobile recording uni! 
shown in Fig. 13 has been built. The instru- 
ments required for selecting, recording and 
analysing the strain-gauge signals received 
through the slip-rings have been built into a 
trailer as shown. The unit can handle three 
simultaneous signals from any three of 24 
strain gauges or signals from displacement-type 
pick-ups; this facility may be useful for special 
investigations. The signals are monitored visu- 
ally on two double-beam oscilloscope screens 
and recorded on magnetic tape. In addition 
a very accurate tachometer* takes a periodic 
count of revolutions per minute. The operator 
may also issue instructions, make comments 
and note recorded speeds by making an audible 
announcement which is also transferred to the 
magnetic tape. 

At the completion of the test run, the magnetic 
tape retains a complete record of the behaviour 
of any selected axial-flow blade packet or blade 
ring. The tape may then be played back into 
an oscilloscope and photographed by means 
of the moving film camera shown to the right in 
Fig. 13. The record can then be transferred to 
a white print, giving a record of vibrational 
strain against rotational speed; Fig. 14 on the 
following page shows typical records placed 
against a corresponding frequency/speed graph 
which has been compiled from the magnetic tape 
recordings. 

Until recently, the unit operated on one 
channel only but it has now been extended to 

* Electronic Engineering, January 1954. 





Fig. 13. To facilitate both laboratory and field measurement of vibrations, a mobile recording unit 
has been built with the necessary apparatus permanently installed. 
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MOBILE LABORATORY 


Fig. 15 Diagrammatic arrangement of apparatus required for the dynamic testing of blading of a 
working turbine, using a single-channel strain-gauge system. 
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Fig. 16 Arrangement of apparatus for obtaining strain measurement and vibration characteristics of 


turbine blading in an overspeed chamber, 


operate on three channels simultaneously. This 
has reduced to less than one-third the time 
required for the blading to be available for the 
determination of its characteristics. Further, 
more complex problems can now be investigated. 
The coupling between blade packets was 
referred to earlier. To explain behaviour which 
has already been described it is essential to study 
phase relationships between blade packets and 
this is Possible only by simultaneous observation 
of the vibration of two or more packets by means 
of a multi-channel system. For the recording 
of these simultaneous signals a_six-channel 
tape recorder is used which has six heads in line 
ona4in. wide tape. As well as three vibration 
Signals, the tape receives a continuous record of 
shaft speed from the tachometer pick-up, a 
Continuous reference frequency from a calibrated 
frequency standard and a separate recording of 
verbal announcements as mentioned above. 
Ph this way errors due to slip and stretch of 
the magnetic tape and difficulties of synchronising 


using a multi-channel strain-gauge system. 


several separate recording machines are elimi- 
nated and do not interfere with the subsequent 
analysis. 


RECORDING CIRCUIT 


Fig. 15 shows diagrammatically a basic single- 
channel system used to obtain a record of the 
type illustrated in Fig. 14, opposite. In Fig. 15, 
a Ljungstrom rotor is indicated as being over- 
hung into an evacuated chamber. a: 

Although there is sufficient inherent excitation 
to promote vibration during rotation of the 
rotor due to minute unbalance forces in a 
nominally balanced rotor, it is necessary to 
excite the discs and blade rings at a few arbitrary 
speeds in order to prevent any ambiguity arising 
as to the identity of the characteristics of the 
various modes of vibration. The  electro- 
magnets shown are used for this purpose and 
also for checking the frequency of vibration 
when the rotor is stationary. This check is 
necessary as it is found that variations in fre- 
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quency occur due to the biades settling down in 
their supporting members with slightly different 
positions after running at high speeds. 

An important component of the circuit, which 
is largely self-explanatory in other respects, is 
the wave analyser—a Muirhead-Pametrada unit. 
It may be tuned to a variable bandwidth thus 
avoiding violent fluctuations in the signal at a 
selected resonant frequency when conditions 
are not absolutely steady or when one blade 
packet may be forcing the one under observation 
at a slightly different frequency. It is used 
when playing back the magnetic tape record- 
ings of strain gauge signals if only a selected 
portion of the vibration spectrum is being 
scrutinised or recorded photographically as 
explained later. 

In its complete form the system is as in Fig. 16. 
Extra channels have been added for both excita- 
tion and detection. The latter providing the 
added facility of a frequency-modulated carrier 
type multi-channel system for measuring displace- 
ment and pressures. The instrumentation can 
thus be applied to investigations outside the 
vibration field. It will also be noted that the 
tachometer head has been combined with the 
slip-ring elements, giving a compact unit which 
is readily demountable after testing. 

SPEED CHARACTERISTICS 

Fig. 17 shows a typical record of the character- 
istics for a complete stage of axial-flow blading 
as compiled from test data. The harmonics of 
running speed are shown as straight lines radiat- 
ing from the origin. The packet frequencies 
at rest of the three principal modes shown in 
Fig. 2 are known from static tests or can be found 
at the commencement of a rotational test in the 
chamber. The net effect of centrifugal forces 
will generally produce characteristics which 
rise with rotor speed as shown. Each charac- 
teristic is shown as a band which covers condi- 
tions of full and partial resonance for all blade 
packets in a particular stage. It is compiled 
from a series of individual blade packet responses 
similar to that shown in Fig. 2. Blade packets 
to which strain gauges are attached, and as a 
result have their characteristics investigated, are 
selected from static test data so as to include 
the largest frequency variation (scatter) for a 
particular mode. 

The curves in Fig. 14 have been derived as 
follow : the wave analyser, set in the narrow 
band condition, i.e., 3 per cent. approximately 
flat top band-width, is carefully controlled to 
follow a harmonic line whilst the tape recording 
is replaying, the selected spectrum being recorded 
photographically from an oscilloscope. 

In this way a resonance “ build up” will be 
recorded as each interesection of the harmonic 
line with a characteristic (as yet unknown) is 
traversed. By obtaining records from a number 
of harmonic lines in this manner a graph showing 
characteristics as in Fig. 14 can be completed; 
the curve indicating the positions of maximum 
resonance. Finally the wave analyser, set to a 
10 per cent. band width, is used to follow each 
characteristic so obtained, the centre of the band 
width being synchronised with the completed 
curve of maximum resonance. The photographic 
records obtained are similar to those shown inset 
on Fig. 14. During the final operation, the 
frequency at each maximum resonance Is 
checked .by comparison with a precision oscil- 
lator. 

In Fig. 17, which (as explained above) com- 
bines the characteristics from a series of blade 
packets such as those in Fig. 4, a band is 
shown for each mode of vibration. As the speed 
increases it will be noted that the bands become 
narrower. This is due to the action of centrifugal 
force tending to equalise differences of root 
fixity, thus reducing the frequency scatter of the 


packets. 
CONCLUSION 


If the design procedure has been satisfactory 
the band-width of the packet frequency-speed 
curve should lie between harmonics at a normal 
running speed. By comparing observed with 
calculated behaviour the validity of theoretica! 
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design methods may be checked. Where these 
methods have, of necessity, involved assumptions 
concerning blade fixation or other theoretically 
indeterminate features, the new equipment 
described enables these assumptions to be 
closely examined and makes possible improve- 
ments in design practice. By studying past 
performance, the designer is given greater 
confidence in his ability to make accurate predic- 
tions of blade frequencies in cases where new 


Book Reviews 


departures from current practice are contem- 
plated. In this sense the initial progress made 
with the equipment described augers well for 
greater control and understanding of turbine 
blade vibration problems in the future. 
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in ihe preparation of this article by the Brush 
Electrical Engineering Company, Limited, and 
for permission to publish the data. 


FOR THE USE AND CONVENIENCE 


OF MAN 


Engineering in History. By R. S. Kuirsy, 
S. WITHINGTON, A. B. DARLING and F. G. 
KitGour. McGraw-Hill Book Company, In- 
corporated, 330 West 42nd-street, New York 
36, N.Y., U.S.A. (8°50 dols.); and McGraw- 
Hill Publishing Company, Limited, 95, Farring- 
don-street, London, E.C.4. (64s.) 


There are too few books on the contribution of 
engineering to society, and the average educated 
layman would probably find it difficult, therefore, 
to give examples of the work of engineers in the 
past. This book sets out to remedy that defi- 
ciency and to present the history of engineering 
from about 6000 B.c. in terms of the interaction 
between its achievements and society. The 
result is an enthralling, if rather unevenly told, 
history of the contribution of different races, 
nations and civilisations to the progress of man’s 
conquest of his environment, in which the story 
of many of the advances in the art is told in 
fascinating detail, although the social background 
and consequences receive rather naive and 
elementary treatment. 

Civil engineering, perhaps because of its 
earlier development, receives the most thorough 
treatment and some of the more fascinating chap- 
ters of the book are those which deal with the 
achievements of ancient civilisations. The water 
control of Egypt and its pyramids, the difficulties 
of whose construction somehow remind one of 
the problems facing the constructors of the 
atomic pile BEPO, the roads and aqueducts of 
Babylon, the drainage system of Minoan Crete, 
and the great works of the Romans, are reminders 
that all urban civilisations have the same prob- 
lems and that engineers have solved them by 
empirical means for many centuries. 

During most of man’s history, engineering has 
contributed more to science than science has to 
engineering and the Greeks who discovered 
science, in the sense of the existence of natural 
laws in nature, established a disdain for its 
practical application that it took the industrial 
revolution to destroy. It is true that the origins 
of engineering science are to be found in Alexan- 
dria in the Third Century B.c., but its application 
was limited to toys and experimental devices 
and had little effect on the practising architects 
and engineers of the time. 

The use of water, wind and animal power to 
replace human effort was stimulated in the 
Middle Ages by the decline of slavery and the 
rise of Christianity, with its ideal of the infinite 
worth of man and aversion to submitting him 
to work which required no _ intelligence or 
judgment. Most modern machinery motions 
derive from the simple mechanisms invented 
at that time: water wheels, gears and cranks for 
operating millstones, forge bellows, saws, fulling 
and paper-making machines and pumping water. 
By the Sixteenth Century it was possible for a 
writer, Biringuccio, describing the advantages 
of water power, to remark that mining “ rather 
than warfare with all its annoyances was the 
way to wealth,” and that mining was superior 
even to commerce which went about ** outwitting 
the world and perhaps doing other tiresome 
things which may be illicit for honest men.” 
He could even recommend a working day of 
six or eight hours. 


The age of steam marked the opening of a 
distinct historical period, which included the 
political revolutions in France and America, and 
which had origins in the Eighteenth Century, the 
century of rational thinking and _ scientific 
enlightenment. It was the period in which 
mercantilism gave way to industrialisation and 
free trade, and when Great Britain, the cradle of 
steam power, became the richest and most power- 
ful nation in the world. The development of the 
steam engine and afterwards of the manufac- 
ture of steel, on which this revolution was based, 
are well and fully described. The Nineteenth 
Century saw the development of the science of 
the strength of materials, of testing machines 
and of economy and safety in engineering design, 
and these were applied to an increasing variety 
of problems in construction and transportation. 

Although by the Seventeenth Century scien- 
tists had adopted the methods of empirical 
experimentation already in use by engineers, 
from whom they learnt much, it was not until 
the Nineteenth Century that engineers began 
consistently to return the compliment; but, since 
that time, the major advances, particularly in the 
new fields of electrical, chemical and aeronautical 
engineering have depended on the methods of 
applied science. 

The later chapters, which cover electrical engi- 
neering (including telecommunications), modern 
shipbuilding and marine engineering, and aero- 
nautics, are less satisfying than the very full and 
often exciting descriptions of the development of 
bridge building and other forms of civil engi- 
neering. At a period of great advance in this 
field, on both sides of the Atlantic, in the last 
century, it is good to read that ENGINEERING 
‘** had become a clearing house for the profession 
throughout the world.” 

Perhaps the most sobering reflection for the 
engineer, who may be overawed by what his 
profession has contributed to the modern world, 
is the extent to which many of his ideas are 
quite old and lay fallow for generations. Such 
universal ideas as the crank and flywheel were 
known for centuries before they were used, or 
the physical concepts underlying them under- 
stood; the piston and cylinder were invented by 
Ctesibius before 200 B.c., and the fact that 
the condensation of steam caused a vacuum was 
certainly known by the Seventeenth Century. 
Even automatic controls originated in the 
Eighteenth Century with Newcomen’s control 
for his steam engine and with devices to keep 
windmills into the wind. The centrifugal gov- 
ernor which Watt used for regulating the throttle 
of a steam engine was adapted from a similar 
device already in use for regulating the distance 
between the grinding stones of windmills. The 
principle of the reaction turbine was known to 
Hero of Alexandria and, in 1629, an impulse 
machine was described. Although none of 
these or subsequent machines could produce 
power efficiently until the coming of the Parsons 
turbine, it was Sir Charles Parsons himself who 
said that most of the fundamental ideas of the 
steam turbine had been suggested or described 
in the 100 or more patents granted prior to 
1880. 

It is not surprising, therefore, that most of the 
basic developments in engineering should have 
been of European origin, but the authors 
emphasise that this is also true of the initial, 
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fundamental scientific discoveries of the m 
age, including the early applications of elect; 
engineering in telephone, radio, television and 
generation and transmission of power. Even 
the Russian claim to have been first in every 
modern invention appears true in the Case of 
television, for the system on which m 
techniques are based was developed by Vladimir 
Zworykin (now in the United States) from work 
originated by his teacher, Boris Rosing, in St 
Petersburg, in 1907. American genius has po, 
been predominant in engineering innovation and 
applied research ; less than a third of the funda. 
mental engineering innovations of the last 19 
years having been made by Americans, although 
they made more than half between 1809 and 
1850. The authors also consider that basic 
innovations appear to be fewer in the Twentieth 
Century than in the last half of the Nineteenth; 
a surprising assessment in face of the arrival of 
heavier-than-air flight and of atomic power, 
Americans have so far led only in engineering 
development, production and service, and, par. 
ticularly, in mass production and the tools for it 
There are signs, however, that the realisation of 
these facts is leading to energetic attempts to 
alter them, through both research and education, 
and the end of the century may well see the 
United States a leader in basic research and 
discovery as much as in their application in the 
production of goods and services. 


TRAINING RUSSIA’S 
AIRCRAFT ENGINEERS 


Soviet Education in Science and Technology, 
An Examination of Some of the Qualitative 
Factors. Vo). If: Soviet Education in Aer- 
nautics: A Case Study. By L. TRILuN«. 
Centre for International Studies, Massachusetts 
Institute of Technology, Cambridge, Massa- 
chusetts. (No price given.) 


This is the second volume of an examination 
being carried out at the Centre for International 
Studies of the Massachusetts Institute of Tech- 
nology of some of the qualitative factors in 
Soviet education in science and_ technology. 
The full report will include an examination of 
the general climate in which the educational 
system of the Soviet Union functions, and within 
which Soviet engineers and scientists are trained. 

Although this report deals only with one 
branch of engineering, and that which in all 
countries is most associated with government 
and security considerations, it does present, ina 
fully documented manner, a picture of the 
education received by Soviet aeronautical scien- 
tists and engineers and by air force officers, as well 
as of the organisation of basic research and its 
relation to the aircraft industry. 

Until 1946 the ministry to which each industry 
in the Soviet Union was responsible trained its 
staff in its own institutes and, although this 
administrative connection has been broken, the 
change has not yet had much effect. The main 
education takes place in 24 Polytechnic Institutes, 
whose graduates make the chief contribution to 
research and development, and in seven special 
institutes, which train the bulk of the engineers 
for design, testing and production. In the 
latter, there are 20,000 students attending 
54 year courses in special subjects, such 4 
aircraft design and construction, engine design 
and construction, radio technology and manl- 
facturing technology. Each student, after his 
third year, does four four-week practice sessions 
in a factory and a further eight-week practice 
session after the fifth year, before receiving his 
diploma. The courses are not dissimilar from 
those at M.I.T., but are weaker in basic technical 
subjects and more detailed in minor fields 
Students are more rigidly directed and the over 
loading of the text-books with factual materia! 
underlines the shortage of teachers. Becaus 
of the insufficient contact with mature teachers 
who do a great deal of research, and the strong 
emphasis on factual knowledge for immediate 
productive use, the number of young people 
with promise of originality is limited and this 
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sill further hindering the expansion of the 
ieaching staffs. es 

The organisation of training and research 
within hierarchical industrial ministries, the 
shortage of good technical journals, and the small 
membership of professional societies, prevent 
the rapid communication of ideas between 
different industries, and these sometimes lead to 
design delays. 

Nevertheless, there are numerous channels of 
information within the family of organisations 
gt up to train aeronautical engineers and to 
plan, design and build aircraft. The system has 
developed an increasing number of young men 
capable of doing the basic research needed to 


ELECTRONIC 


Radio and Electronic Components. Vol. I: 
fixed Resistors. By G. W. A. Dummer. 
Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
(28s.) 

{n recent years, manufacturers and users of radio 
and electronic apparatus have begun to pay 
increasing attention to the concept of “ reli- 
ability.’ This may well be defined as the 
probability that the equipment will operate 
satisfactorily under a given set of circumstances. 
An electronic equipment is an assembly of 
electronic components and if, as is usually the 
case, the failure of one component brings about 
the failure of the equipment as a whole, then the 
reliability of the equipment is the product of the 
individual component reliabilities. 

Much has already been written and published, 
both in periodical and text-book form, on the 
manufacture, characteristics and reliability in 
circuit applications of the thermionic vacuum 
tube, hence it is particularly opportune that 
publication has now been launched of a new 
series of monographs to deal with these less 
spectacular, but none the less important, electronic 
components, the resistor and the capacitor. 
Fixed Resistors, the first volume to appear, is to 
be followed shortly by its partner, on variable 
resistors. The choice of a resistor for a given 
circuit application might at first be thought 
to be a straightforward and simple task, but a 
knowledge of some of at least 14 characteristics 
is required: the resistor’s size, its wattage-rating 
or power-handling capacity, stability, accuracy or 
manufacturing tolerarfce, maximum operating 
temperature and voltage, frequency range, noise, 
temperature coefficient of resistance, voltage 
coefficient, solderability, performance under high 
humidity, shelf life and load life. Practical 
— is given on all these topics in this 


Before 1939, little interest had been taken 
in the standardising of electronic components, 
but their use on an unpredictably large scale in 
military equipment during the war led the armed 
forces to draw up their own standard specifi- 
cations. Since the war, progress has been 
achieved in standardisation for civilian require- 
ments; two useful chapters enumerate and 
discuss British, American and Canadian standards 
for components in general and resistors in par- 
ticular, but, whereas reference is made to standard- 
lsation work on an international level by the 
International Electrotechnical Commission, we 
are told nothing about the national standards 
of European countries. Measurements on fixed 
fesistors are succinctly treated with the aid of 
well-chosen tables, graphs and diagrams, the 
abundance of which forms a most agreeable 
feature of the book. 

Constructors of radio and electronic equip- 
ment, whether professional or amateur, must 
often have wondered how the familiar, tiny, 
multi-coloured resistor units could be produced, 
with resistances ranging from tens of ohms up to 
tens of megohms, and still remain so constant in 
size. They will find the answer in chapter 5, 
which gives a revealing account of the manu- 
facture of moulded carbon composition resistors, 
with diagrams shewing the blending of the 
conductor material, processing, stoving and the 





keep Soviet aeronautical science abreast of any 
competitor; although the situation is less 
favourable in the field of engineering, which has 
suffered from the rapid expansion of the industrial 
machine without a technical basis of engineering 
instinct. Over-specialisation is still a source of 
inefficiency and results in narrowness of outlook 
and lack of means for integrating the whole 
engineering community. The weakness of this 
system is that it leads to lack of initiative and 
lack: of faith in experiment and an undue rever- 
ence for the theoretical solution; but, in the 
author’s opinion, this is unlikely to be changed 
without extensive alterations in the entire Soviet 
approach to the problem of education. 


COMPONENTS 


final colour coding and sorting of the finished 
resistors. 

High-stability fixed resistors of the cracked- 
carbon type, metal-film and wire-wound precision 
resistors receive similar treatment. It is interest- 
ing to read that the term “ high-value’ now 
applies to resistors in the range of 107 to 10% 
ohms, which are being used for detecting very 
small currents in radiation monitoring equipment 
for nuclear engineering applications. Work has 
proceeded at such a pace in the United States on 
the development of printed circuit techniques 
that it is a little surprising to note that printed 
resistors are classed in chapter 8 under the 
heading of ‘‘ experimental ” types of fixed resistor, 
but this classification in no way detracts from the 
value of the information given. 

The author offers a comprehensive classified 
bibliography on fixed resistors, covering both 
periodical literature and patents of the past 
25 years. It is a pity that he should have allowed 
this to be marred by misspellings in almost all 
the references to German work. The 27 
concluding pages of the book contain, together 
with a subject index, a highly instructive compari- 
son chart of representative types of resistors 
grouping their characteristics into the categories 
of mechanical, electrical and climatic. 


ANALYSING GASES 


Microwave Spectroscopy. By C. H. Townes 
and A. L. SCHAWLOW. McGraw-Hill Book 
Company, Incorporated, 330 West 42nd-street, 
New York 36, N.Y., U.S.A. (12.50 dols.); and 
McGraw-Hill Publishing Company, Limited, 
95 Farringdon-street, London, E.C.4. (90s. 6d.) 


This latest addition to the International Series 
in Pure and Applied Physics covers the compara- 
tively new field of the microwave spectroscopy 
of gases in a remarkably comprehensive and 
systematic manner. The microwave region of 
the electro-magnetic spectrum lies beyond the 
infra-red region, the exploration of which is 
halted at a wavelength of the order of a milli- 
metre or so by the decline in the amount of energy 
available within a given frequency interval from 
conventional hot sources. Extension to longer 
wave lengths had to await the development of 
new and more powerful sources of radiation 
and of more refined techniques for detecting 
the radiation. Although the first high resolution 
experiments in microwave spectroscopy were not 
carried out until 1946, the extreme rapidity of 
advance since then has provided so formidable 
a mass of both theoretical and experimental 
material relating to nuclear physics, molecular 
structure, chemical kinetics, quantum electro- 
dynamics and astronomy, that a _ connected 
account of it is most opportune. 

The first four chapters contain theoretical 
discussions on the rotational spectra of diatomic 
molecules, pure rotational spectra and /-type 
doubling in linear polyatomic molecules, sym- 
metric and asymmetric-top molecules. Where 
exact quantum-mechanical solutions are impos- 
sible, as in the more complex types of molecule, 
due prominence is given to the simplifying 
assumptions adopted to enable the distribution 
of energy levels and absorption intensities to be 
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derived. The lists of symmetric and asymmetric- 
top molecular structures so far investigated from 
their microwave spectra are a valuable feature. 

Chapter 5 summarises those parts of the 
theory of atomic spectra that are needed for 
microwave spectroscopy. A detailed discussion 
of the intricacies of hyperfine structure and 
magnetic interactions is followed by an account 
of the interpretation of hyperfine coupling 
constants in terms of molecular structure and 
nuclear moments. Chapters 10 and I1 are 
devoted to Stark and Zeeman effects in molecular 
spectra. The Stark effect is shown to provide a 
very accurate and convenient means of measuring 
molecular dipole moments. The inclusion of a 
chapter on the ammonia spectrum is fully justified 
on account of the major role it has played 
in the development of microwave spectroscopy. 
Moreover, the ammonia spectrum affords the 
simplest and most thoroughly worked out 
example of a class of spectra exhibiting “* hindered 
motions ” which arise as a result of quantum- 
mechanical tunnelling effects. An important 
chapter on the shapes and widths of spectral 
lines, which goes very thoroughly into the various 
causes of spectral line broadening, concludes the 
mainly theoretical portion of the work. 

The remainder of the text is occupied with 
the equipment and the techniques employed in 
microwave spectroscopy—wave guides;  elec- 
tronic sources, including klystrons, magnetrons 
and travelling wave tubes; and crystal rectifiers. 
The simplest type of microwave spectrograph 
consists of a long wave guide cell which can be 
either evacuated or filled with gas, and down 
which microwave radiation can be passed. 
The absorption is determined from the decrease 
in the intensity of the radiation reaching a 
detector located at the far end of the wave guide 
as a function of the generator frequency. Various 
improvements, such as the use of source modu- 
lation to improve the signal-to-noise ratio, are 
considered. Descriptions are also given of 
more specialised and high-resolution § instru- 
ments, such as the bridge and cavity microwave 
spectrographs, and of apparatus designed for 
investigating Stark and Zeeman effects. A brief 
account of the generation and detection of 
millimetre waves and of absorption spectrographs 
for the millimetre region is followed by a chapter 
on frequency measurement and control, in which 
mention is made by the use of micro-wave spec- 
tral lines as frequency standards (upon which the 
so-called ‘‘ atomic clocks”’ are based). The 
final chapter examines the possible applications 
of microwave spectroscopy to the qualitative 
and quantitative analysis of gases, which, despite 
certain limitations that are pointed out, will 
almost certainly be increasingly used by chemists 
in the near future. 

Seven appendixes, occupying 150 pages, present 
a wealth of numerical data on intensities and 
energies for hyperfine transitions, second-order 
quadrupole interactions, energy levels of a slightly 
asymmetric top and of a rigid rotor, transition 
strengths for rotational transitions, molecular 
constants involved in microwave spectra and 
properties of the table nuclei. The usefulness 
of the bibliography, which lists over a thousand 
references, arranged by year from 1895 to 1954, 
is increased by the accompanying brief statement 
of the contents of each paper, while the author 
and subject indexes are commendably complete. 
This book fills a gap in the literature of modern 
developments in physics in a manner worthy of 
the distinguished series to which it belongs. 


«x *& 


NEW BOOKS 


Some of the books noticed here are selected for 
extended review in ENGINEERING. 


Electronic Measurements and Measuring Instruments. 
By F. G. Spreapsury. Constable and Company, 
Limited, 10 Orange-street, London, W.C.2. (S0s.) 

Although the science of electronic instrumentation is 

relatively new, the number of instruments is already 

too numerous to describe in a single volume. The 


author therefore has confined himself to basic types 
Because the stability depends so 


and techniques. 
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Jargely on the components, considerable attention 
has been given to them. The book deals with 
instruments under such general headings as valve 
voltmeters, frequency measurements, stroboscopes 
and oscillographs, and bibliographies are given 
at the end of each chapter. 


Streamlined Specifications Standards. 
Louis AXELBANK and BEN JOHN SMALL. Reinhold 
Publishing Corporation, 430 Park-avenue, New 
York 22, N.Y., U.S.A. (10 dols.); and Chapman 
and Hall, 37 Essex-street, London, W.C.2. (80s.) 

“An orderly, comprehensive exposition of speci- 
fications for the mechanical and electrical services 
that go into to-day’s building complex or, to put it 
in another way, complex building.”’ It is intended to 
assist the American consulting engineer in preparing 
adequate and effective specifications. The subjects 
covered in this volume include plumbing, gas supply, 
fire protection, heating, ventilating, air conditioning 
and electrical work of certain types. The setting is 
in double-spaced typewriter type, with the explanatory 
notes and instructions in a contrasting face to make 
them easily distinguishable. 


Vol. II. By 


The Constitutional Diagrams of Alloys: A Biblio 
graphy. Originally compiled by J. L. HAUGHTON. 
Second edition compiled by A. Prince. The 
Institute of Metals, 4 Grosvenor-gardens, London, 
S.W.1. (35s.) 

Much work on the constitution of alloys has been 
carried out since Dr. Haughton’s first edition of this 
bibliography appeared in the autumn of 1942. The 
present edition, which has been brought up to date 
to the end of 1954 (and in the case of many journals 
to the middle of 1955), contains about twice as many 
entries as the first edition. 

The data given are arranged in a manner identical 
with that of the first edition and, where such are 
available, references to abstracts which have appeared 
in the publications of the Institute of Metals are 
furnished. j 


Jenkins of Rotherham: A Chapter of Industrial 
History. By Eric N. Simons. Robert Jenkins and 
Company, Limited, Wortley-road, Rotherham, York- 
shire. (No price given.) 

Robert Jenkins set up in business in Rotherham in 

1856 as a maker of steam boilers and other iron 

platework. This book tells at considerable length 

how the business has been carried on by the Jenkins 
family, who still control it, and describes the gradual 
evolution of the complicated and highly technical 
fabrication work which is now the major part of the 

Company’s business. There are many illustrations, 

of personalities, of plant and buildings, and of 

products. 


Reference Manual of German Machine Tools. By 
HERMAN P. GentTzeEL. Verlag Karl Ihl and Com- 
pany, Coburg, P.O.B. 683. (DM. 28); and Pub- 
lishing and Distributing Company, Limited, 177 
Regent-street, London, W.1; and World Trade 
Journals, 20 Minstead-way, New Malden, Surrey. 
(47s. 6d.) 

The whole German machine tool industry is repre- 
sented by this book, which has six chapters on the 
machine tools which are based on the cutting of 
metal, two on forming, forging, shearing and bending, 
and one on welding. Other sections deal with wood- 
working machinery, thermoplastic and ceramic 
machinery, testing and measuring, and small tools 
and machine shop equipment. All the principal 
manufacturers are listed, and examples of their 
products are given. The book is well illustrated. 


Engineering Fluid Mechanics. 
Blackie and Son, Limited, 
Glasgow, C.4. (60s.) 

This textbook sets out to cover the methods of 
analysis and calculation required for the design of 
water-power systems, and summarises the author’s 
lectures at the Federal Institute of Technology, 
Zurich, in 1944/1945. It is translated from the 
author’s Technische Hydraulik, published in 1949, by 
Mr. P. O. Wolf. The book is divided into four main 
parts: (a) The physical basis of hydraulics; (b) steady 
flow, covering the basic hydrodynamic equations, 
the theory of flow in open channels, gradually varied 
flow and rapid or discontinuous flow in open chan- 
nels; (c) unsteady flow, covering mass oscillations in 
surge systems, theory of water hammer and unsteady 
flow in open channels; (d) groundwater flow. The 
book includes appendices on empirical co-efficients, 
theory of flow over a movable bed related to the 
theory of flow in open channels, density currents and 
underflow in muddy water, and a list of symbols. 


By CHARLES JAEGER. 
17 Stanhope-street, 


Sistemi Elastici Piani: Metodo dell-Incognita Princi- 
pale. In two volumes. By ArtTILIO  LINARI. 
Pellerano, Del Gaudio, Naples, Italy. (Vol. I, 
2,000 lire; vol. II, 1,000 lire.) 

The author presents numerical tables for the calcula- 

tion of hyperstatic plane elastic systems, such as 


continuous beams, rigid frames and Vierendeel 
beams of constant or variable cross-section. These 
tables facilitate the writing of the sets of algebraic 
equations which solve the statically-indeterminate 
systems. 
structure considered, the numerical values of the 
coefficients of the equations, expressed in terms of th 
boundary conditions of the system, and permit the 
determination of the state of stress and of strain 
which is of interest to the designer. The work consists 
of two volumes, the first volume of which explains 
how to use the tables which are given in the second 
volume. Many practical examples have been 
worked out for the benefit of the reader. Mr. Linari’s 
work will be welcomed by the designers of hyperstatic 
engineering structures, who will use the numerical 
tables for those cases which are not covered by other 
well-known publications, such as the Reinforced 
Concrete Design Handbook of the American Concrete 
Institute, the books Kontinuerlische Trager, by 
G. Griot, Influence Lines for Continuous Beams, by 
J. King, and Rahmenformeln, by A. Kleinlogel. 


ASME Handbook of Engineering Tables. Edited by 
Jesse Huckert. McGraw-Hill Book Company, 
Incorporated, 330 West 42nd-street, New York 36, 
N.Y., U.S.A. (12 dols.); and McGraw-Hill Publish- 
‘ing Company, Limited, 95 Farringdon-street, London, 
E.C.4. (90s.) 


This American book contains tabulated data of 
American standards for bar stock and shafting 
bearings; spur, helical, bevel and worm gears; keys 
and key seating; bolts, screw threads, slots, etc., 
serration and splines; nuts, washers, etc. The 
section on springs, in addition to tabulated data, 
presents design considerations; this is followed by 
sections on tubing, pipes and pipe fittings; electric 
motors; graphical symbols for electric diagrams; 
gaskets, packings and seals; and tables of graphical 
symbols for piping, valves and hydraulic devices. 


Fluidization. Edited by DONALD F. OTHMER. Rein- 
hold Publishing Corporation, 430 Park-avenue, New 
York 22, N.Y., U.S.A. (7 dols.); and Chapman 
and Hall, Limited, 37 Essex-street, London, W.C.2. 
(56s.) 

This book, originally based on a symposium spon- 
sored by the Polytechnic Institute of Brooklyn, with 
the co-operation of the American Society of Mech- 
anical Engineers, has been expanded to include critical 
surveys of the quantitative physical and mathematical 
fundamentals of fluidisation. The contributors are 
all engineers concerned in the development of fluidisa- 
tion techniques. The contents comprise nine articles 
on the fluid dynamics of fluid-solid systems; heat 
and mass transfer ‘in solid fluidisation; graphical 
analysis of fluid-solid systems in the process indus- 
tries; background, history and future of fluidisation; 
operation of fluidisation processes; fluid coking; 
design and control techniques in moving solids bed 
systems; the significance of details in fluid catalytic 
cracking units, engineering design, instrumentation 
and operation; and applications and problems of 
fluidisation in the chemical industry. 


=x * 


TRADE PUBLICATIONS 


Copies of any of the following trade publications are 
obtainable from the addresses given, though distribution 
is sometimes restricted. 


Aluminium Jacketing for Pipe Insulation. Corro- 
SHEATH LTD., Bury-street, London, W.1. 
Corrosheath jacketing is thin sheet aluminium 
cross corrugated to give strength and to facilitate 
handling. Corrosheath cladding is heavier sheet 
aluminium, which is manufactured in rigid pre- 
formed sections to fit over various sizes of pipe 
insulation. Both are flameproof, require no 
painting and can be removed and refitted easily. 
Illustrated leaflet. 


Earthwork Machinery. CATERPILLAR TRACTOR Co., 
Peoria, Illinois, U.S.A. Earth ripper for mounting 
on a D8 tractor, and 25 cub. yd. (heaped capacity) 
scraper of “‘ longbowl”’ design. Two illustrated 
broadsheets. Also booklet, entitled ‘* Building 
Dams,” describing the use of “‘ Cat’ equipment 
on the construction of river control structures on 


the Mahanadi, in the State of Orissa, India. 
Brochure. 
Magnesium-Alloy Pressure Diecasting. STONE-FRY 


MAGNESIUM Ltp., Midland Works, Brierley Hill- 
road, Wordsley, near Stourbridge. Brief par- 
ticulars of the physical and mechanical properties, 
corrosion resistance, machining, finishing, and 


protective measures during storage and transit of 
magnesium-alloy pressure diecastings. 
brochure. 


Illustrated 


The tables furnish, for each type of 
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X-Ray Protection. VeNESTA LtD., Vintry Hou. 
Queen Street-place, London, E.C.4. Lead Plyma- 
panels and battens with fixing screws and trim. 
mings for the “on site” construction of Xt 
rooms. Plymax consists of sheet lead sandwj 4 
between two layers of } in. plywood. Illustrated 
booklet for the use of architects, radiologists and 
contractors. Leaflet. 


Resistance Welding Applications. Britis ELECTRICAL 
AND ALLIED MANUFACTURERS ASSOCIATION % 
Kingsway, London, W.C.2. Booklei, for Overseas 
distribution, demonstrating the many ways in 
which resistance welding can be applied to old-and 
new methods of manufacture. Illustrations of 
some of the very diverse products that are 
by the use of this process. Illustrated leaflet, 


Aluminium Casting Alloys. ALAR Ltp., 3 Albemarle. 
street, London, W.1. “* Guide to the Selection of 
Aluminium Casting Alloys.”” The data given 
include notes on design, and tabular and other 
information on casting characteristics, physical 
properties, chemical composition and mechanical 
properties. Alar general data sheet. 


Industrial Conveyors. HUGH Woop & Co. Lm, 
69 Old Broad-street, London, E.C.2. “ Huwood* 
range of belt conveyor components set out for 
easy reference. Including drive heads, 5 to 80 hp, 
take-up rolls, idlers, guards, etc. Full range of 
sizes available, with capacities and dimensions, 
Illustrated catalogue. 


Applications of Lead. LEAD DEVELOPMENT Asso. 
CIATION, Eagle House, Jermyn-street, Lo 
S.W.1. Three important applications of the metal 
lead, namely, in the manufacture of paints, the 
production of electric cables, and the manufacture 
of storage batteries. Three illustrated leaflets. 


Tandem Rollers. AveLING-BARFORD LTp., Grantham, 
Lincolnshire. Road rollers with choice of three 
power units: Perkins P.4 Diesel engine or Fordson 
Major units, either Diesel or petrol engine. Two 
models available: 53 to 8 tons weight or a heavier 
machine of 74 to 10 tons. Illustrated broadsheet, 


Experimental Steam Set. WaArRD’s PATENTS Lip., 
Old Colony House, South King-street, Man- 
chester 2. Self-contained gas-fired steam pro- 
ducing sets, supplied particularly for colleges and 
education centres, for carrying out experiments on 
steam and boiler efficiency. Leaflet. 


Diesel Vehicle Engines. F. Perkins Ltp., Peter- 
borough. Handbook on the P series Diesel 
engines for vehicles; divided into two sections— 
for drivers and for mechanics. Covering ordinary 
running and maintenance, fault diagnosis, timing 
and detail maintenance. Leaflet. 


Oscilloscopes and Cathode-Ray Tubes. WATERMAN 
Propucts Co., 2445 Emerald-street, Philadelphia, 
U.S.A. Technical details of oscilloscopes and 
cathode-ray tubes, including industrial “ pocket- 
scope,” for a wide range of measurements. 
Illustrated brochure. 


Kedafon Intercommunication System. FONADEK 
(BRANSON) Ltp., Vivian-road, Birmingham 17. 
Battery equipped loudspeaking two-way inter- 
communication system. Complete portability. 
Two speaking units connected by up to 500 ft. of 
flex. Simplified signalling system. Leaflet. 


Streamlined Intercommunication System. Com- 
MUNICATION SysTeMS Ltp., 8 Arundel-street, 
London, W.C.2. Intercommunication system for 
office use with sensitive microphone from which 
loudspeaker is separated, thus eliminating risk of 
irritating feed-back. Easy operation. Leaflet. 

Horizontal Boring Machine. H. W. KEARNS AND 
Co. Ltp., Broadheath, near Manchester. Series 
**O” toolroom horizontal boring machines with 
24, 23 or 3 in. diameter spindles and “* Optimetric 
optical system of co-ordinate setting. Illustrated 
brochure. 

Aluminium-Bronze Castings. MEIGH CASTINGS LTD., 
Uckington Foundry, Cheltenham. Notes on the 
design of aluminium-bronze castings and on the 
characteristics and properties of this alloy. Illus- 
trated folder. 

Electric Welding Machines. Sciaky ELECTRIC 
WELDING MACHINES Ltp., Farnham-road, Slough. 
Details of standard types of spot, spot and stitch, 
projection, seam and flash welding machines. 
Illustrated pamphlet. 

Process Equipment. DRrAvo CORPORATION, Neville 
Island, Pittsburgh 25, U.S.A. Examples of large- 
scale and special-purpose process equipment for 


the chemical and allied industries. Bulletin 
No. 236. 
Flush Doors. VENESTA Ltp., Vintry House, Queen 


Street-place, London, E.C.4. Sizes, thickness and 
construction of solid-core flush doors. Illustrated 
folder. 
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IN A COOLED 


CONTROLLING TEMPERATURE RISES 


PUMP CIRCUIT 


By Sidney Weinberg,* B.SC., M.I.MECH.E. 


In the testing of large pumps, it is usual, for 
economic reasons, to do so in a closed circuit 
system. This incorporates a pressure vessel 
which acts as the supply to the pump and should 
be capable of withstanding the necessary limits 
of pressure and temperature. The suction con- 
ditions for boiler feed pumps, for example, can 
be simulated by allowing the circuit temperature 
to rise to a value which produces the required 
pressure as a corresponding saturation condition 
in the pressure vessel. 

In order that desired equilibrium conditions 
can be reached, some means of cooling must be 
introduced in such a manner that, at the steady 
suction temperature, the heat put into the fluid 
corresponding to horse-power is entirely removed 
by external cooling means. The arrangement of 
the cooler in the circuit should be such as to 
make it possible, by adjustment of the various 
flows through the cooler, to establish useful sets 
of equilibria covering a wide range of working 
temperatures (and hence suction pressures) in 
the pump circuit. It is also of practical interest 
to know the rate of rise of temperature, in order 
to estimate the time, starting from cold condi- 
tions, beyond which equilibrium may be said to 
be established. 

Consider the circuit of Fig. 1. The motor M 
drives a pump P in closed circuit with a pressure 
vessel R; the cooler C is arranged as a by-pass 
so that any fraction (or the whole) of the pump 
output may be cooled. The external cooling 
fluid may be at any convenient (low) pressure. 
This arrangement makes for elasticity in the 
design of the cooler and allows for a greater 
range of temperature differences to be con- 
sidered, although the rate at which heat is taken 
out of the by-passed fluid at equilibrium condi- 
tions is always equivalent to the power put into 
the whole mass flow by the pump. 


Nomenclature 

Let M Ib. be the capacity of the vessel R plus 
piping, etc., 

ph.p. be the power put into the water by the 
pump P, . 

A sq. ft. be the relevant area for heat transfer 
in the cooler C, 

U B.Th.U. per sq. ft., per hour, per deg. F., 
be the overall heat transfer coefficient in 
the cooler, corresponding to flows m, 
and m., 

m lb. per hour be the pump delivery, 

m,,m, lb. per hour be the mass flows of pumped 
and cooling water in the cooler, respec- 
tively, 

6, 4, %, 8; deg. F. be the temperature of 


* The author was formerly Head of the Research 
Department of G. and J. Weir, Limited, Glasgow. 
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Fig. 1 Diagrammatic arrangement of pump test 
circuits with by-pass cooler. 





pumped water at cooler inlet and outlet, 
and cooling water at inlet and outlet, 
respectively, 

6 deg. F. be the temperature at suction to the 
pump, 

6, deg. F. be the temperature of water entering 
the reservoir R, 


8 deg. F. be the arithmetic mean temperature 
difference in the cooler, 

t hours be the time from starting, 

Ava, Am, hy: B.Th.U. per hour, per sq. ft., per 
deg. F. be the separate heat transfer 
coefficients, corrected to the surface repre- 
sented by the area A, of the cooling 
water, metal and pumped water, respec- 
tively, in the cooler, 

C1, C2, Cs be constants, 

B B.Th.U. per hour be the rate of heat equiva- 
lent of one horse-power (assumed constant 
over the temperature range), 


and Nu, Re and Pr be the Nusselt, Reynolds 
and Prandtl numbers. 


Assumptions made in the analyses below are 
those necessary to derive comparatively simple 
expressions for rate of rise of temperature, 
ultimate equilibrium temperature, etc., and are 
that, during the temperature rise, (i) the heat 
transfer coefficients remain constant, and (ii) the 
physical properties of the fluid are unchanged. 
It is probably better to use estimated final values 
rather than mean values of the above, since the 
transitional period is usually less important than 
the conditions of ultimate equilibrium, which will 
be given more accurately. If an estimate cannot 
easily be made, the values of fluid density, heat 
transfer coefficient, etc., should be calculated 
for initial conditions and a second approximation 
made after the first result has given the estimated 
final values. 

Analysis.—Fig. 2 shows the temperature 
diagram for the cooler. An arithmetic mean 
temperature difference for heat transfer will be 
found, in most practical cases, to be very nearly 
equal to the, more proper, logarithmic mean 
temperature difference. Thus, the arithmetic 
mean temperature in the cooler, gives:— 


8 = 4+(6,—6,+0—%). ~. (I) 
Quantities of heat transferred in the cooler, 
assuming uniform and unit specific heat, give: 

m, (0, — 9) = mz (03 — %) =AU®. (2) 
Mixing beyond the cooler gives: 
m, 9, + (mo — m) 9, = mo 94. . a 
Heat put into the water by the pump: 


Bp =m,(@,— 94). . - (4) 
Rate of temperature rise in the reservoir R, 
dé 
M dt = mo(%,— 9). . . & 


Note.—{i) At equilibrium, ultimate conditions 
are given, 


6 
for t+>o and “ =, 
Bp =AU@\ 
6, = 6 fr + > aa 


(ii) at the commencement it is convenient and 
usual to have the reservoir temperature the same 
as that of the cooling water supply: 


¢6=0 at t=0. . ~ & 


Solution. From (4) @, = BP +060. . (8) 
0 

” (2) 95 = = (9, ‘ot 62) + 4. 
mM, 


(9) 








211 


(1) and (2) give 


2m m 
Ay (8 — ) = + — (i — We) — 2% 
or 
a (2 i L) +24, 1 
P AU mM, mM, m (10) 
. oe 1 : 


+ 


AU m Me 
Substituting (8) 


(7? + 6) ( 2 - + ) 4 2 % t 
Mo AU m, Me m, 


6. 
. > % 1 
+ + 
AU m, mM, 
(11) 
From (3) 
2 1 
m, (GP J 0) ( “ — ) + 2% 
Moy AU m, mM, 
Mo 6,4 
2 1 1 
, 4. 
AU m m 
B 
+ (mo — m,) ( 4 + 0). 
Mo 
From (5) 
Bp 2 l l 
+ @ 4+ —) +26 
M dé - = (a U mm =} ie : 
dt a... 29 1 


AU | m . m, 


+ (79 — m) 4 m,@ (12) 
Mo 
which may be simplified, calling 
A 2 
a 
AU = mom 
and 
b=Bp ( : ) , 
Mo 
to 
6 
uo «be. (13) 
dt 


(Note: Equation (13) shows, since a and b 
do not include M, that the ultimate equilibrium 


and steady temperatures, i.e., at Oort>o, 


dt 
are independent of the mass of water in the 
reservoir, but that M modifies the time scale 
and therefore the length of time to reach any 
specified temperature or to approximate to 
steady conditions.) 

Equation (13) may be expressed as: 


a(t ) dé 
dt - 
oa aes RET 
/0 6, \@ 
the solution of which is 
b ous 
e—*@ (1 —e M) . (14) 
a 


which gives values of intermediate temperature 
rises. 
At the start, f 


Pumped Wiens 
6, 


C 20l;y ew 
ley 


O and @ — 4% 0. 
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Fig. 2 Temperature diagram for cooler. 
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Fig. 3 Rate of temperature rise. 


At equilibrium, t > o, 


and 
b | 
0 — 8 Bp 4-— Ag (15) 
a m™ 
In this equilibrium condition: 
6, = 0 | 
3 Bp Pie (6) 
AU J 
9 - BP, Br_ Bp 
; Mo a Mo 
B 
a. . to (16) 
a 
AU - 
0. = 6, — 0 (17) 
m 
and 
6; a 206 t 4, t 0, A. (18) 
Example. Consider a 3,500 h.p., 10° Ib. per hr. 


pump associated with a 20,000 Ib. capacity 
reservoir, etc. The cooler has 18-2 sq. ft. 
transfer surface and an overall coefficient of 
1,530 B.Th.U. per hour per sq. ft., per deg. F. 
when one-tenth of the pump delivery, i.e., 10° Ib. 
per hour, is to be cooled using 75,000 lb. per 
hour cooling water. (Take B = 2,547 B.Th.U. 
= hour per h.p.) a = 21,018, 6 = 8,727,000. 
en 


6 8 - renee 


415-2(1—e (19) 

At steady conditions, the suction temperature 
to the pump is due to a rise in temperature in 
the reservoir of 415-2 deg. F. The other tem- 
perature rises at equilibrium obtained from the 
above equations, are: 


9, 0) = 0 — 0 = 415-2 deg. F. 
@ = 320-1 deg. F. 
8, 0) = 424-1 deg. F. 
6, — 0) = 335 deg. F. 
6, — 0) = 118-9 deg. F. 
(Note. The temperature in the delivery pipe 


from the pump (after the pressure has been 
throttled) is always the highest in the circuit and 
external considerations should be based on this.) 


EFFECT OF FLOW ADJUSTMENT 


It is always important, for test purposes, to 
examine the performance of the given cooler 
under different flow conditions, in order to 
establish other equilibria in the pump circuit. 
In that case, the value of the overall heat transfer 
coefficient U must be re-examined for the different 
velocities corresponding to mass flows. For 
clean surfaces 


(20) 





(Note. All component coefficients are assumed 
corrected to the inside surface of the cooler 
tubes.) 

Roughly speaking, for regularised flow, the 
water coefficients are proportional to Re°® 
(according to the Dittus-Boelter expression 


Nu = 0-023 Re® Pr°-), 
With other factors unchanged, therefore, 
h,, and h,, increase directly as m,°* and 


m,°"8, respectively, while the metal coefficient 4,, 
remains constant. Hence, new values of U can 
be obtained using equation (20). 

In the above example, the overall coefficient of 
1,530 B.Th.U. per hour, per sq. ft. per deg. F. 
was made up of h,,, = 3,110, A - 3,260 and 
Ris 40,000. 

Increasing m, to twice its value, i.e., to 2° 10° Ib. 
per hour, would therefore increase h,, to 
3,110. 2°8, or 5,410. 

Thus U, from (20) would increase to 1,930. 
Values corresponding to this increase in the 
by-passed flow are: 


ve 


a 26,571 
b = 8,678,000 
1-392¢ 
6—0, = 3%6-6(1-—e ). Qn 
At steady conditions 
0 — 0) = 0, — 0 — 326-6 deg. F. 
@ — 253-8 deg. F. 
6, — 0) = 335-5 deg. F. 
0, — 0, = 290-9 deg. F. 
0, — % 118-9 deg. F. 


(Note. 6; — 94 will always be the same, at 
equilibrium, for the same p and mp.) 

Similarly, decreasing m, to half its original 
value, i.e., to 5-10* lb. per hour, reduces h,,, 


,110 : 

to te 1,788, making U 1,120. 
New values are 

@= $215 

b = 8,779,000 

0-7607 1 

o—e-s77 (1 —e ). 2) 
At s‘eady conditions 

8 — 0) = 0, — Oy = 577 deg. F. 


0 = 437-3 deg. F. 


4, % 585-9 deg. F, 
0. — 4% 407-6 deg. . 
8, — 0) = 118-9 deg. F. 


Fig. 3 shows the relative rates of temperature 
rise for the three conditions corresponding to 
equations (19), (21) and (22) and indicates the 
approximate times to reach nearly steady con- 
ditions. Again it should be remembered that 
the time scale only can be increased or reduced 
according to the amount of water in the circuit. 
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Fig. 4 Rate of temperature rise, showing early stages. 


Fig. 4 is the same set of curves given on 
logarithmic abscisse, a convenient way of show. 
ing more easily the early stages of the tempera. 
ture rise. 


ADJUSTMENT TO REQUIRED 
SUCTION TEMPERATURE 


Using similar considerations to the above, the 


test set up can be made to run at any given 
temperature, within a certain range, by a suitable 


choice of m, and m,. Calling 
l Ci Ce 
| ae 
U m,°°8 m,°"8 - 


the value of the rise in suction temperature 
attained in equilibrium would be 


9 plyia Ce 
6 - 0 Bp A Be = me 8 res 


(+ ~) + l | 
2 . 
m Me my) 


From the above examples, the values of the 
constants are ¢, 3-215, ce = 2°437, = 
2:5 x 10-5 (different order). The ranges chosen 
for the possible variation in m, and m, must be 
considered in the light of such practical limita- 
tions as the fact that the temperature rise in the 
cooling water must be reasonable and that the 
flow velocities do not exceed agreed limits. In 
this last connection, it is worth noting that the 
pressure loss in the cooler due to a high velocity 
of pumped water is usually of small concern ina 
test since the pump delivery pressure is available. 

In the above case, m, cannot reasonably be 
reduced since, at 75,000 Ib. per hour, its tem- 
perature rise is 119 deg. F. bringing water coming 


(23) 
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Fig. 5 Ultimate temperature rise as a function 
of flows through cooler. 
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60 deg. up to 179 deg. F. For an examina- 
herefore, let us take m, ranging from this 
value up to four times, i.e., 3-10° lb. per hour, 
can have a greater variation, and velocities 
" 2 to 20 ft. per sec. might be considered inside 
he cooler tubes, although the higher velocities 
might be discarded in tests of long duration as 
ibly causing mechanical damage. Thus take 
m, lying between 3-10* and 30-10* Ib. per hour. 
Fig. 5 shows the ultimate temperature rises in 


in at 
tion, ¢ 


the circuit using the above chosen ranges of flow 
and use of this type of curve can be made in 
order to choose the conditions necessary to 
establish requisite pump suction temperatures, 
etc., in a test. 

Acknowledgment.—The analysis made above 
was carried out partly in the Research Depart- 
ment of G. and J. Weir, Limited, Glasgow, and 
the author is indebted to the directors for per- 
mission to present the results. 


SELF-CONTAINED DRILLING UNITS 
ADAPTABILITY FOR SPECIAL-PURPOSE MACHINES 


The three self-contained hydraulic feed drilling 
units illustrated herewith have been introduced 
by James Archdale and Company, Limited, 
Ledsam-street, Birmingham, 16. The units 
range from a simple quill-type head with fixed 
spindle speed to larger, six-speed gearbox types 
with automatic relieving mechanism for deep 
hole drilling. Variants of each of the three 
basic units can be supplied, and the range of 
work which they can perform is thus very wide. 
Fach unit is designed to operate at any angle 
from 30 deg. below the horizontal to the vertical. 
Packing pieces of various thicknesses are available 
for all the units, to facilitate their incorporation 
in special-purpose machines, and the controls 
can be coupled into central panels when 
necessary. 
The simplest of the units is shown in Fig. 1. 
It has a capacity of { in. diameter from the solid 
in mild steel, and a stroke of 6 in. The spindle, 
which is driven by a 2 h.p. motor through V-belts, 
is suitable for No. 1 or No. 2 Morse taper. By 
varying the pulley size and V-belt length any 
one of six speeds from 583 to 1,900 r.p.m. can 
be obtained. Further variation in spindle 
speeds is possible if different motors are fitted. 
The motor also drives a hydraulic pump giving 
feed rates of 1 in. to 15 in. per min. at a standard 
drilling pressure of 1,250 1b. A control knob on 
the side of the unit enables the feed rate to be 
varied as required. A quick power traverse is 
provided for the rapid approach and return. 
The unit is controlled by a single lever, and has 
an automatic cycle comprising fast approach, 
feed, fast return and stop. The point of change- 
over from one movement in the cycle to the next 
is determined by adjustable dogs. The unit can 
be provided with a rectangular flange, suitable 
















for mounting small multi-spindle attachments if 
required. 

The unit shown in Fig. 2 is driven by a 2 h.p. 
or a 3 h.p. foot-mounted motor through pulleys, 
V-belts and fixed gears to give a single pre- 
determined spindle speed, or through pulleys, 
V-belts and a six-speed gearbox. The range of 
speeds obtainable depends upon the motor speed 
and the pulleys used; 167 to 690 and 417 to 
1,720 r.p.m. are representative ranges. Three 
lengths of traverse are available, 12, 18 or 24 in. 
The feeding pressure in all cases is 2,000 Ib. 
Feed rates are 1 to 12 in. per min. when the 
unit has the 3 h.p. motor, which runs at 1,450 
r.p.m., and | to 9 in. per min. with the 2 h.p. 
930 r.p.m. motor. Rapid traverse rate is 250 in. 
per min. with the larger motor and 165 in. per 
min. with the smaller. Control is manual, by 
a single lever; alternatively, remote control 
solenoids and push-buttons can be fitted. 

The spindle head is available in three different 
forms. It can be supplied as a fixed quill type 
for single-spindle drilling, with a capacity of 
14 in. diameter in mild steel. In its second form 
the unit is an adjustable quill model with a single 
spindle and automatic relieving feed mechanism. 
In this form the unit has a capacity of { in. 
diameter in mild steel and is capable of deep hole 
drilling, the drill being relieved automatically 
at pre-set intervals. Automatic torque control 
is available as an extra feature. In its third form 
the unit has a multi-spindle attachment mounting, 
the capacity being four holes of 4 in. diameter or 
the equivalent in other diameters. 

Fig. 3 shows a unit capable of drilling, in the 
single spindle version, 2 in. diameter in mild steel. 
With a multi-spindle head it can drill 12 holes 
3 in. diameter or their equivalent. 

It is driven by a flange-mounted motor of 
5 h.p. (1,450 r.p.m.), 3 h.p. (950 r.p.m.), or 
2 h.p. (720 r.p.m.). Any predetermined spindle 
drive shaft speed from 270 to 750 r.p.m. 
(720 r.p.m. motor), 354 to 1,006 r.p.m. (950 r.p.m. 
motor), or 550 to 1,535 r.p.m. (1,450 r.p.m. 
motor), is obtainable by changing gears. Feed 
rates are 0 to 74 in., 0 to 10 in., and 0 to 15 in. 
with 2, 3 and 5 h.p. motors, respectively. 
Feeding pressure is 3,500 Ib. for all sizes of motor. 
The stroke is 15 in. or 22 in. Automatic control 
of the operating cycle, giving fast approach, 


This self-contained unit is available in several different forms, with single-speed or gearbox 
drive, and for single or multi-hole drilling. 
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feed, fast return and stop is fitted as standard. 
Variations in the cycle can be obtained by fitting 
additional dogs. Relieving feed is also avail- 
able, for drilling deep holes. 

The unit is manufactured in three types. 
Standard units cover all normal multi-spindle 
and single-spindle drilling and reaming opera- 
tions. Extended foot type units are available 
for drilling operations where it is necessary to 
drive spindles of widely differing speeds in one 
attachment. For boring and milling work, and 
in cases where a long spindle guide is considered 
desirable, or where the cutter overhang from 
the guide must be reduced to a minimum, 
extended head type units are supplied. 

Control of all the units is by means of a hand 
lever. These control levers can be connected 
by mechanical linkages when several units are 
mounted on a common baseplate. Alterna- 
tively, solenoids operating from remote push- 
buttons can be provided. On such a remote- 
control installation, emergency return and stop 
buttons, overruling the dogs, would be provided. 


: Ff 


HEAVY PLATE ROLLING MILL 
FOR SCUNTHORPE 


A new four-high plate finishing rolling mill is 
now under construction for the works of the 
Appleby-Frodingham Steel Company, Scun- 
thorpe, Lincolnshire, a branch of the United 
Steel Companies, Limited. It is being built by 
the Davy and United Engineering Company 
Limited, Sheffield, at a cost of over £500,000, 
and is intended to roll plate up to 12 ft. wide, 
up to 44 in. thick, and having a maximum length 
of 65 ft. Fed by an existing roughing mill, it 
will be capable initially of producing about 
9,000 tons in a week of three-shift working. 





Fig. 1 Drilling up to j in. diameter in mild steel 
is possible with this Archdale self-contained 
hydraulic feed unit. 





Fig. 3 Single holes up to 2 in. diameter and 

multiple holes can be drilled, and reaming, boring 

and milling can be carried out on one or other of 
the different forms of this unit. 


Fig. 1 








Automatic welding equipment designed by the Metropolitan-Vickers Electrical Company Limited 


for resurfacing the rolls of coal pulverising units. 


RE-SURFACING PULVERISER ROLLS 
Automatic Welding Increases Working Life 


One of the problems engaging the attention of 
the engineers of the Central Electricity Authority 
is the maintenance of the surfaces of the rolls 
of the mills employed for pulverising coal. 
Until 1948 these rolls were being rebuilt by 
hand welding as many as five or six times before 
being finally scrapped. A major disadvantage 
of this method, however, was that cracks, 
generally parallel to the axis, tended to open up 
each time the roll was re-built and to penetrate 
into the base metal below. As a result chips 
broke away from the roll face during operation 
and a shorter time elapsed before replacement 
was necessary. Pre-heating the roll by an 
oxy-acetylene flame to a temperature of about 
150 deg. C. tended to reduce the number of 
cracks formed, but did not eliminate them. 

A further disadvantage of hand welding is 
that 122 hours are required to deposit 120 lb. 
of metal, during which time the operator is 
exposed to the heat arising from the pre-heated 
roll. Considerable rest periods are therefore 
necessary and even so it has been difficult to 
obtain welders who will work under such 
conditions. 

An economical solution of these drawbacks 
has, however, been found, by the use of an 
experimental automatic welder, which has been 
installed by Méetropolitan-Vickers Electrical 
Company, Limited, Manchester, at Croydon B 
power station. As this is unaffected by the heat 
from the roll, a pre-heating temperature of 
400 deg. C. can be used to prevent cracking. 
It has been found, too, that 140 lb. of metal can 
be deposited in 16 hours. 


METALLURGICAL INVESTIGATION 


To determine the welding procedure necessary 
with such a machine the Metropolitan-Vickers 
Electrical Company made a metallurgical investi- 
gation on a set of rolls which had been taken 
out of service. These contained 0-85 per cent. 
of carbon, 1-06 per cent. of manganese and 
2:1 per cent. of chromium. Isothermal 
transformation diagrams showed that a pre- 
heat temperature of from 370 to 400 deg. C. was 
necessary. This temperature had to be main- 
tained throughout the welding operation, and 
to effect proper transformation after welding the 
roll temperature had to be held at about 350 deg. 
C. for a concluding period. Pre-heating for 
three hours was found to ensure a thorough 


roll and 
hours was 


penetration of heat through the 
post-heating at 350 deg. for 24 
sufficient. 


SURFACE HARDNESS FACTOR 


The surface hardness of the rolls was 288 
Brinell, but the engineers of the Central Elec- 
tricity Authority considered that a hardness of 
400 to 450 Brinell was necessary to give the 
required life. In some quarters, in fact, a figure 
as high as 650 to 700 Vickers was advocated. 
The higher the hardness figure, however, the 
more difficult it-is to prevent cracking, and 
closer temperature limitations would have to be 
adhered to during both the welding and post- 
heating operations. At that time, too, there was 
no reliable method of ascertaining how such 
close temperature limits could be maintained in 
general shop practice or how much additional 
heat would be imparted to the roll by the arc 
during welding. Moreover, the cost of pro- 
ducing an electrode increased steeply as the 
hardness figure for the deposit rose. Owing to 
these considerations, and the doubt whether a 
harder surface gave a progressively longer life, 
it was decided to aim at a deposit with a hardness 
similar to that of the parent metal of the roll. 


Fig. 2 Inside of oven, 
showing tubular sheathed 
heating elements and mill 


roll mounted on table. 
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A pair of rolls was therefore exper; 
welded on an automatic machine the 
figures at four points on the outer surface be: 
321, 285, 295 and 321 Brinell. The Variation j 
these figures was due to differences in dil: 
with the parent metal. The surface of the rol 
was initially irregular so that some “ 
required more layers of deposit than other, 
In welding these rolls the procedure mentions; 
above of pre-heating, maintaining the tempera 
ture during welding and post-heating vm 
followed and the weld deposit was found to be 
free of cracks. 


HARD-SURFACING CONTINUOUS 
FLUXED ELECTRODE 


A hard surfacing continuous fluxed electrog 
was developed for use on this machine; and th 
amount of metal deposited on each roll wa 
about 160 Ib. in 20} hours. This was more thay 
the usual amount of deposit and the tiny 
required to build up the roll to the norm 
gauge size was 144 hours. The two rolls wer 
subsequently returned to service and gaye , 
wearing life of 2,000 hours. 

As a result of these experiments the machin 
mentioned above was built and has now been ip 
service for two years. It comprises two jigs 
for holding the work, one of which can 
unloaded, reloaded and set for pre-heating while 
welding is proceeding on the other. In Fig, |, 
which is an illustration of the complete machine, 
one jig is shown tilted in the welding position 
and the other horizontal in the loading position, 
These jigs consist of a tilting table on which the 
mill roll is mounted and which is rotated a 
welding speed by a variable speed motor. The 
table can be tilted to any angle between the 
horizontal and 30 deg. past the vertical (that isa 
movement of 120 deg.), thus facilitating both 
loading and welding. 

The automatic welding head, which is suitable 
for a continuously coiled fluxed electrode, is 
mounted on a roller slide so that it can be 
moved outwards and inwards over the face of the 

roll. This slide, which works in unison with the 
welding jig, is carried in a vertical frame, whichis 
mounted on a carriage, and is capable of a vertical 
adjustment of 29 in. This carriage can be moved 
along a track by a chain pulley and locked in 
position so that the welding head can be placed 
over either of the two jigs. 


ELECTRONIC CONTROL 


The 1-5 h.p. motors for tilting the jigs, and 
the } h.p. motor for operating the slide are locked 
together and are electronically controlled so that 
as the work rotates a continuous spiral of weld 
metal is deposited on the face of the roll. The 
speed for the different diameters of rolls is set 
by an index on the panel visible on the right of 
Fig. 1, which also automatically makes adjust- 
ments for the degree of taper on the roll face. 
Two tapers are provided for on the machine— 
one for the LM12 and the other for the LMI3 
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The amount of overlap of the spiralling 
weld can also be varied by adjusting a potentio- 
meter inside the control panel. _ 

The drive of the head projecting slide can be 
disengaged and the slide manually adjusted by 
a hand wheel on the front of the machine. Rapid 
manual positioning can also be effected by 
releasing a split nut. A stationary head is 
on the build-up at the ends of the 
rolls and for filling in cavities in the roll face; 
and the drive clutch is thrown into the disengaged 


position during these runs. 


HEATING OVEN 


The electric oven in which the roll is enclosed 
after it has been loaded on to the jig table is 
illustrated in Fig. 2. It is heated by three banks 
of tubular sheathed elements with a total loading 
of 16 kW and its temperature is automatically 
controlled during the pre-heat, welding and post- 
welding periods. The heaters are switched on 
automatically by a “* temperature programme 
controller for pre-heating and are switched off 
at the end of the post-heat period. The tem- 
perature is controlled by thermo-couples which 
are mounted on spring-loaded arms that bear on 
the inside machined surface of the roll. The 
instruments by which automatic temperature 
control is effected, the pre-setting switches and 
operating push buttons, are mounted on a main 
control panel, which can be seen between the 
two tilting tables in Fig. 1. 

In operation, a roll is first loaded on to one 
of the rotating jig tables and is placed in the 
oven. The table is then tilted to the vertical, 
the oven cover is placed in position and the 
thermo-couple is released by a hand lever so 
that it makes contact with the machined face 
of the roll. When the heaters are switched on 
the jig begins to rotate and continues to do so 
during the pre-heat period so as to ensure an 
even temperature. 

The “ temperature programme ” controller is 
set so that all the heaters are in circuit during 
the pre-heating period which lasts about 3 hours. 
When a temperature of 400 deg. has been 
reached two banks of elements are switched off 
and a constant temperature is thereafter main- 
tained by the ‘“ thermo-electric” controller 
which switches the remaining bank “on” or 
“ off’ during the welding period. 

At the end of the pre-heating period the 
operator, having checked the temperature, 
removes the top cap of the oven, sets the jig 
tables at the constant angle of tilt and places the 
head over the jig. Hé then lowers the head on 
the motor-operated vertical slide into the oven 
and carries out the weld. This may take from 
8 to 18 hours, depending on the wear. De- 
slagging is unnecessary and when welding has 
been completed a temperature of 350 deg. C. is 
automatically maintained for 24 hours, the top 
cap being replaced during this operation. 
Meanwhile, the second jig is loaded and when 


roll. 








the post-heat period on the first roll has been 
completed the temperature control apparatus is 
switched over to the second and the operating 
sequence repeated. 

The machine described has now been in 
operation for nearly two years and the cost of 
resurfacing with it is very little more than was 
estimated seven years ago when the investigations 
were initiated. The average life of a resurfaced 
roll is at present 2,500 hours, but the target is 
5,000 hours. 


HIGH-CHROMIUM DEPOSITS 


Alternative methods of building up the roll 
face have been suggested or tried. One of the 
most promising of these is the submerged arc 
welding process in which a _ high-chromium 
deposit is used. The Méetropolitan-Vickers 
Company have obtained sound deposits with 
hardnesses of from 500 to 700 V.P.N. by using 
this method with a standard grade of high 
chromium wire. It is estimated that this will 
give a longer life than the deposit from the 
Metromatic P350 electrode used for open 
automatic arc welding. 

The cost of the wire and flux of the chromium 
electrode is, however, twice that of the P350 
electrode and represents about two-thirds of the 
cost of rebuilding the rolls. Although the 
deposition rate might possibly be doubled this 
would not offset the higher cost which, it is 
estimated, would be about 50 per cent. greater 
than with the P350 electrode. If the roll life 
could be doubled this increase would be worth 
while. Otherwise it is doubtful whether the 
change would be economically justified. 


x k * 


HYDRAULIC TIPPING 
GEAR 


Two models of “* Telelever ’’ hydraulic tipping 
gear made by Telehoist, Limited, Swindon-lane, 
Cheltenham, Gloucestershire, were recently de- 
monstrated (by permission of Mr. J. H. Bentley) 
at the Homefield Sandpit, Runfold, Surrey, in 
conjunction with A.C.V. Sales, Limited. 

The smaller of the two models as fitted to the 
** Mercury ”’ chassis is shown in the illustration. 
The larger model has twin cylinders to give the 
extra power and angle of tilt. The medium- 
power single cylinder gear has been designed for 
the standard four-wheel chassis which will take 
up to an 8 cub. yd. steel body. The single- 
stroke ram has a bore of 6} in. and the annulus 
between the piston rod and the cylinder is used 
as an oil reservoir. The rod is chromium 
plated and all bearing surfaces are bronze. 
Cylinders and bearings can all be renewed. 
The compound linkage gives an angle of tip of 
50 deg. without causing the cylinder to move 
through a large angle, and the bell crank lever 
removes most of the load from the cylinder when 
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The Telelever hydraulic 
tipping gear is mounted 


on a sub-frame which can 













be fixed to a standard 
vehicle chassis. 
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the body is in the fully tipped position. The speed 
of lift accelerates as the height of the body 
increases. The hydraulic pump is driven from 
the power take-off of the engine and the standard 
model is combined with this unit. It will 
deliver 9-6 gallons per minute at 1,000 r.p.m. 
against a pressure of 1,000 Ib. per sq. in. 
Engagement of the power take-off is controlled 
by a lever from the driver’s cab, while the main 
control valve gives “raise,” “hold” and 
** lower ” positions, with facilities for raising or 
lowering the body slowly while the pump is still 
running. The equipment is provided as a 
complete unit mounted on a sub-frame which 
bolts directly to the chassis of the lorry and also 
to the bottom of the body. The full tip can 
be accomplished in about 12 seconds and the 
return time is 10 seconds. 

The larger model which, as has been stated 
before, has twin cylinders, is designed to fit 
chassis of the ‘“‘Mammoth Major” size, that 
is to say, a six-wheel chassis with a maximum 
permissible gross weight in the United Kingdom 
of 20 tons. In general, the system is the same 
as for the medium unit but the angle of tip is 
70 deg. and the unit is fitted with a power return. 
Again there is a sub-frame for mounting on the 
chassis but the ends of the crank levers are bolted 
direct to the body. These systems have the 
advantage that the hydraulic cylinder has only 
a short stroke and that in the tipped position the 
full weight of the body does not rest directly on 
the hydraulic gear. 
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MULTIPLE-UNIT DIESEL 
TRAINS 


The multiple-unit Diesel trains which are now 
being built at Swindon Works on the Western 
Region are intended for service on the Edinburgh- 
Glasgow route and later between Birmingham 
and Swansea. In all, 43 motor cars and 21 
trailers are being built—the train being based on 
the three car unit consisting of two powered 
cars and an intermediate trailer. Two types of 
powered car are being made, motor-brake- 
seconds and motor-seconds; two types of trailer 
are also being made, trailer-firsts and trailer- 
buffet-firsts, in which last is included a small 
buffet section with a serving counter and seating 
accommodation for 12 passengers at three tables. 

All the cars are 64 ft. 6 in. long and 9 ft. wide 
at the waist, and are designed on the “ stressed 
body ” principle. End compression loadings of 
200 tons have been the design figure, as for 
standard locomotive train corridor stock. The 
bogies, which have a wheel base of 8 ft. 6 in., 
are of riveted construction using rolled steel 
sections. Rolled steel disc wheels of 36 in. 
diameter have been used. Automatic vacuum 
brakes are fitted to all vehicles, the brake 
cylinders being mounted in the centre bay of the 
under frame and applying clasp blocks to each 
wheel of the bogies. Heating is provided by 
two Smiths combustion air heaters in each 
car mounted, under the floor. 

In each power car two engines with trans- 
mission and auxiliary equipment are mounted 
below the floor. The engines are A.E.C. six 
cylinder horizontal models having an output of 
150 h.p. at 1,800 r.p.m., and are fitted with 18 in. 
fluid flywheels. A short cardan shaft and free 
wheel connects the engine to a four-speed Wilson 
gearbox, and a further cardan shaft connects 
the gearbox to the forward and reverse final 
drive which is mounted on the inner axle of the 
bogie. 

Control equipment is arranged so that a 
maximum of six power cars can be operated 
from any driving cab. Provision is made for 
two-way bell communication between the guard 
and the driver. Internal walls, ceilings, doors 
and partitions are finished in contrasting shades 
of Formica. Anodised aluminium luggage racks 


have been used, and the seats, which are of 
tubular construction, are fitted with Dunlopillo 
cushions and backs. 





216 


The Machine Tool Industry (continued from page 186) 


Rotation, whether of tool or workpiece, is a 
feature of many machine tools, but this week our 
first article in the continuation of our series on the 
machine tool industry is devoted to machines in 
which the motion is linear. Slotters, shapers and 
planers, which are its subject, share this feature 
with broaching machines, which were discussed in 
an earlier article. The second article is concerned 
with gear cutting, in which both linear and rotary 
motions are often combined. The first part, 
covering trends in design and some of the more 
familiar gear cutting processes, appears in the 


present issue, while other processes and gear 
testing equipment will be treated subsequently. 
Previous articles have dealt with: automatic 
control systems, machining light alloys, spark 
erosion, welding equipment, drilling, boring and 
milling, turning, screwing and threading, cutting 
fluids and slideway lubricants, furnaces and 
heaters, woodworking machinery, sawing, grinding 
and surface finishing, marking and engraving, 
broaching, forging and stamping, sheet and strip 
metal working, instruments and electrical control 
equipment. 
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control for both the cutting and reiurn gs 
together with a single lever which selects 
high or low speed range. A built-in ay 
electric control gear operates the startj 
stopping of the main motor, the reversing 
table and the elevation of the cross-slide, 
possible to machine using a 6 ft. stroke at 
speed. The table is reversed by adjustable 
in the T-slot in the front of the table, the 
being protected from accidental contact, 

The feed is operated from a constant-throw 
cylinder which is connected to a vertical s 
shaft from whence the movement is takeg 
separate feed units on the cross-slide and 
toolbox. These units are entirely inde 
so that different rates of feed can be employedif 
required, the required direction of feed being 
selected from mechanical clutches. 

The cross-slide is made in two parts, locked jp 
position by two levers at the front, and elevated 
and lowered by en electric motor. The crog. 
slide toolbox is fitted with a new type of verticg| 
feed screw. It is possible to use this toolbox for 
copy planing without any mechanical alteration 
to the toolbox itself. Tool relieving is operated 
by a hydraulic cylinder behind each clapper box, 

The bed slides are lubricated from a separate 
oil system contained inside the bed. The crog. 
slide elevating motion is arranged to run in oj 
and all other bearings on the cross-slide and side 
toolbox are lubricated from an oil gun. 


LARGE PRECISION SLOTTER 


Among precision slotting machines that haye 
been built recently, the 16 in. precision tool 
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room slotter, developed by the Butler Machine T 
Tool Company, Limited, Halifax, for Rolls = 
Royce, Limited, is believed te be outstanding in eo 
its combination of large capacity with extreme . i 
accuracy. It incorporates all existing features of sp - 
toolroom slotters. The 
The drive is from a 5 h.p. motor mounted in T 
the base of the machine connected directly to the 
Fig. 1 The Stirk double-housing 48 in. by 42 in. by 12 ft. planing machine. a six-speed gearbox from whence the drive & unit 
taken through a single helical pinion and stroke vert 
wheel to a slotted link which incorporates the trav 
ram balance weight, and thence through a con- , 
PLANING, SLOTTING AND SHAPING ee tceting tink to the ram. feed 
The ram can be tilted forwards up to 74 deg, sele 
Increased sturdiness of construction and im- hydraulic system. The top half of the unit and carries an all-steel relieving toolbox which cont 
proved tool slides with larger bearing surfaces contains all the. operating valve gear, with will accommodate tools or tool bars in the hori- butt 
providing for greater accuracy, built-in electric solenoid operation to the pilot valves of the main zontal or vertical position and which can be buil 
drives, more effective lubrication, improved _ table and feed reverse valves secured to a “‘sand- adjusted round the ram end to any angular the 
methods of tool relief, and the increasing use of wich” type plate into which is machined the _ setting. The extreme robustness of the machine requ 
hydraulic copying attachments are the principal majority of the piping system, only four pipes is well illustrated by the rear view shown in of t 
developments to be observed in planing, slotting being taken from this unit to the machine itself. Fig. 2 which also shows the built-in automatic A | 
and shaping machines during the last few years. Mounted on the front of the panel are two contactor gear. the 
Typical examples of modern planing machines flow control valves giving independent speed The length of stroke (from 2 to 16 in.) can be incc 
include the double-housing 48 in. by 42 in. by whe 
12 ft. planer constructed by John Stirk and ope 
Sons, Limited, Halifax, illustrated in Fig. 1. circ 
This machine, which has a helical transmission, T 
has a cutting speed range of 40 to 240 ft. per in 
minute, and a return speed range of 160 to 240 ft. hou 
per minute. The drive is by the Stirk split-field any 
system, and the feeds are operated by a Stirk wol 
rotary feed motor. Reversing is actuated by a und 
stroke disc, which permits changes of stroke to adj 
be made with great facility. Hydraulic stops bor 
prevent any possibility of table over-run. All ind 
the tool heads are fitted with solenoid tool to § 
relief. A constant-speed oil pump _ provides 
lubrication to the bearings and the slideways. 
I 
HYDRAULIC PLANER wo! 
The new 6 ft. by 2 ft. 6 in. by 2 ft. 6 in. kn 
hydraulic planer introduced this year by the a 
Butler Machine Tool Company, Limited, Halifax, Fig. 2 The Butler 16 in. Mp 
is of the open-side type. The table has a working woe % : 
area 6 ft. long by 28 in. wide, admitting 30 in. ‘“*°M® Precision tool wit 
under the cross-slide. There are two cutting- "00m slotter, specially ean 
speed ranges, from 20 to 60 ft. per minute and _ designed for Rolls-Royce peak 
from 68 to 120 ft. per minute, with return speeds Limited, combines high is 
from 36 to 136 ft. per minute. Ten feed rates : 
are available, from 0-02 in. to 0-20 in. per stroke. ¢curacy with a large s 
The drive is by a self-contained unit mounted capacity. It incorporates od 
alongside the machine, consisting of a flange- 4 4 g. diameter table, thi 


mounted 15 h.p. motor which drives a Vickers 
Duplex pump mounted in the bottom half of the 


a built-in dividing head, : ‘ j 
unit, which also act sas an oil reservoir for the . 


and power traverse. 
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Fig. 3 The Rockford 
60 in. openside hydraulic 
shaper is available with 
a Kopy-kat attachment 
for _ three-dimensional 












copy-shaping from wood 
or plaster-of-Paris tem- 
plates. (Rockwell Ma- 
chine Tool Co. Ltd.) 
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adjusted with the ram in motion or at rest. The 
feed operating gear can also be adjusted at any 
time. Lubrication of the whole driving mechanism 
and the ram slides is by a gear pump through an 
externally mounted filter with a pressure gauge 
to show that the system is functioning correctly. 


FEEDS 


The vertical feed shaft is connected to a gearbox 
attached to the base of the machine, and the 
power traverse from a flange-mounted motor is 
also taken through this gearbox to a common 
splined shaft, a second splined shaft carrying the 
control lever which selects feed or power traverse. 
The whole unit is arranged to run in oil. 

The feed and power traverse driving shaft and 

the control shaft are connected to the control 
unit mounted at the end of the saddle. Two 
vertical levers on this unit select feed or power 
traverse, this being a duplicate control to that 
previously mentioned, and also the direction of 
feed. When power traverse is mechanically 
selected it is applied from a button on the pendent 
control, the movement continuing so long as the 
button is depressed. Electric limit switches are 
built into the saddle and square slide. When 
the selection levers have been positioned the 
required feed is finally applied by turning one 
of the three control knobs on top of the unit. 
A horizontal lever on the feed unit operates 
the plunger indexing under the table and it 
incorporates a mechanical interlock so that 
when the plunger is engaged it is impossible to 
operate the circular feed. The 4 ft. diameter 
circular table can be locked to the square slide. 
_ The worm and worm wheel run permanently 
in mesh. The worm, which runs in oil, is 
housed in a canister type bearing and, should 
any wear take place, it is possible to adjust this 
worm and its shaft in relation to the worm wheel 
under the table. In addition to this accurate 
adjustment, the underside of the table is jig- 
bored to give twelve divisions by plunger 
indexing and the perimeter is indexed in degrees 
to give a rough setting. 


CONTROL UNIT 


Built into the square slide at the end of the 
worm shaft is the control unit with a knurled 
knob for selecting circular feed, dividing head 
or neutral. When this control is in the “* circular 
feed” or “neutral” position, the worm shaft 
is directly controlled from the square shaft end 
without any intermediate gearing, thus elimin- 
ating a troublesome source of error. When the 
control knob is turned to the dividing-head 
Position, the circular feed is automatically 
disengaged and the dividing plate locked in 
Position and revolved from the same square 
shaft end, two knurled knobs providing a fine 
adjustment to the dividing plate and lock when 
this has been positioned. 

All slides and bearings on the saddle and 
Square slide are lubricated by oil gun through 
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Polyshot units. These units carry one gun from 
which oil is distributed through variable delivery 
valves to each point. 


COPY SHAPERS 


The speedy and accurate shaping of three- 
dimensional forms is facilitated by the hydraulic 
copying attachments now available on certain 
shaping machines. Among these is the Rockford 
60 in. shaper with a Kopy-kat attachment (Fig. 3), 
marketed by the Rockwell Machine Tool 
Company, Limited, Welsh Harp, Edgware-road, 
London, N.W.2. In this machine the work is 
carried on a box-section table, supported solidly 
at all points of its travel by a double-length bed. 
Any desired stroke length and position relative 
to the cutting tool can be secured quickly by 
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setting two dogs. The toolhead is mounted on 
an easily-adjusted heavy rail, which has a rigid 
brace extending the full width of the column. 


PLASTER TEMPLATES POSSIBLE 


The machine is also fitted with a side head, 
increasing the productive capacity and power rail 
elevation. The 72 in. long table has a stroke 
of 62 in. and is 22 in. wide. The Kopy-kat 
attachment is hydraulically operated; since the 
tracer pressure is extremely low, it is possible 
to make the template from wood or plaster of 
Paris. 

The Butler 26 in. Super Shaper is another 
shaping machine now available with a hydraulic 
copying mechanism. A self-contained hydraulic 
unit consisting of a flange-mounted motor 
driving a Vickers vane-type pump is mounted 
alongside the machine. Carried on a bracket 
attached to the side of the body is the tracer 
head. This is mounted on a slide which gives 
6 in. of horizontal adjustment and 4 in. of 
vertical adjustment, while the stylus itself has 
4 in. of vertical travel. The template is carried 
on an angle bracket attached to the side of the 
table and when the machine is used for copying, 
the standard horizontal feed is engaged and 
traverses the work past the tool and the template 
across the stylus. 

The hydraulic pump supplies oil to a piston 
beneath the vertical screw and the table. This 
piston is automatically controlled by the tracer 
head, and lifts the vertical screw, saddle and 
table as the stylus dictates. 


AUTOMATIC TOOL RELIEF 


Geared up to the stroke wheel are two super- 
imposed cams which can be adjusted in relation 
to one another. They operate a_ hydraulic 
valve which at the end of the cutting stroke 
causes the table to retract from the work, 
providing an automatic tool relief. At the end 
of the return stroke the complete table unit is 
returned to the working position. 


GEAR CUTTING 


Gear cutting is a broad and complex subject, 
firstly because gears are made in considerable 
variety spur—rack, straight and spiral bevel, 
double and single helical, worm and hypoid 
are a few—and secondly because the cutting 
techniques employed are likewise numerous. 
Some of the more familiar processes are hobbing, 
grinding, shaping and planing, and such finishing 
processes as lapping and shaving; in addition 
brushing is sometimes used as a means of 
removing burrs. There are also special gear 
generating machines, such as the David Brown 
B.16, the W. E. Sykes V.10A, and the Gleason 
116, and various combinations of the techniques 
already named. Further complications are intro- 
duced by the nature of the surfaces to be cut, 
whether of involute form or otherwise, and the 
character of the materials. Nevertheless, manu- 
facturers have achieved considerable progress in 
recent years, and we begin the present article 
with a brief examination of current trends in 
gear cutting machine design, followed by a more 
detailed survey of some of the machines in 
which these developments are embodied. Finally 
we refer to certain ancillary equipment, such as 
gear testing and measuring instruments, auto- 
matic gear quenching units, grinding wheel 
dresssers, and hob sharpening appliances. Many 
of the machines mentioned were shown at the 
recent International Machine Tool Exhibition 
at Olympia. 


COMBINED HOBBER AND SHAVER 


Although the gear shaving process was known 
ten years ago when it was applied to a limited 
number of automobile gears, it has since under- 
gone extensive development and is now used on 
an ever increasing number of industrial gears 
and also for turbine gears (see ENGINEERING, 





Fig. 1 





vol. 181, page 107, 1956). This has inevitably 
led to the building of machines specially designed 
for shaving work, and David Brown Industries, 
Limited, have recently produced what is claimed 
to be the first combined turbine gear hobber 














By virtue of its rigid construction the 
Churchill Cleveland Mark IV Rigidhobber can 
operate at high speeds. (Churchill-Redman Ltd.) 
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Fig. 2 Capable of automatic operation, the 
Koepfer WUMS2 gear hobber can be fitted with 
magazine feed. (Sidney G. Jones Ltd.) 


and shaver in the world. Some _ interesting 
gear shaving and finishing machines, using 
underpass, transverse or traverpass methods are 
also made by W. E. Sykes, Limited. 


HIGHER SPEEDS 


Another tendency, which in this case is common 
to many kinds of machine tool, is the drive 
towards higher speeds. Faster cutting speeds 
with increased rates of stock removal demand 
greater machine rigidity, and the Churchill 
Cleveland S.815 Mark IV “ Rigidhobber”’ is a 
strengthend version capable of hob speeds up 
to 500 r.p.m.; a machine designed for much 
larger work, but also with emphasis on robustness, 
is the Lorenz FN6 heavy-duty double-frame 
hobber (Wickman, Limited), which has a speed 
range up to 315 r.p.m. Another approach to 
higher speeds is that used in the Lorenz SR-O 
high-speed short-stroke gear shaping machine, 
which is designed to cut short face width straight 
and helical spur gears at normal cutting speeds; 
however, with its short stroke and the use of 
automatic loading and unloading devices, 
it can give high rates of output. Automatic 
and semi-automatic systems employing hopper 
or magazine feed and machines capable of long 
production runs are also finding wider and wider 
application, particularly in the manufacture of 
gears for the automotive industry. However, 
this trend is by no means peculiar to gear cutting 
machinery, being shared by most kinds of 
machine tool. 

Other features which appeared in some of the 
gear cutting machines exhibited were automatic 
compensation for cutter wear, climb-cut hobbing, 
stepless adjustment of feeds and speeds, and the 
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use of hydraulic control systems. These develop- 
ments, though not necessarily novel in themselves, 
give some indication of the direction which 
design is taking. We shall refer to them again 
in describing particular machines shown at the 
Machine Tool Exhibition. 


CYCLE HOBBING 


Hobbing is perhaps the most well known 
method of gear cutting and a large number 
of machines employing this principle were shown. 
We have already referred to the Churchill 
Cleveland S.815 Mark IV Rigidhobber, made by 
Churchill-Redman, Limited, Halifax, 2, which 
incorporates a hydraulically controlled hob 
head slide and tailstock, and is arranged for 
normal or climb-cut hobbing. Shown in Fig. 1, 
the machine is capable of hob speeds ranging 
from 60 to 500 r.p.m. and can accommodate 
work up to 74 in. in diameter; hobs up to 4 in. 
in diameter can be used with a maximum length 
of travel of 8 in. Other larger models are also 
made. The Mark IV hobber has a stronger and 
more compact frame than earlier versions, 
permitting the use of increased power, so that 


higher hobbing speeds and feeds can be achieved. 


The machine cycle can be arranged for plunge 
cut, direct infeed of hob followed by vertical 
feed, or combined infeed and vertical feed, by 
means of selector switches on the control panel. 
During cutting, there is automatic continuous 
shift of the hob, which serves to extend hob 
life by distributing the wear uniformly over all 
hob teeth. A warning light indicates when the 
hob is reaching the end of its traverse and the 
machine stops automatically on completion of the 
cycle. After changing the hob and resetting 
to the starting position, the machine is again 
ready to begin operation. Hydraulic and 
electrical control circuits permit special tooling 
set-ups and make possible automatic or semi- 
automatic loading. 


AUTOMATIC HOB SHIFT 


Another hobber capable of automatic and semi- 
automatic operation is the Koepfer WUMS52 
machine shown in Fig. 2. It is claimed that with 
magazine feed only 5 seconds are required for 
chucking the workpiece, but even with semi- 
automatic operation, clamping, locating the 
tailstock and moving the hob into the starting 
position are performed mechanically by means 
of a foot pedal. The maximum size of blank 
that can be accommodated is 5} in. in diameter 
and hob speeds up to 980 r.p.m. may be achieved. 
Switch controls are provided to permit changes 
from normal toclimb cut hobbing, and conversely, 
without re-setting. In addition, longitudinal 
hobbing, plunge longitudinal hobbing or plunge 
cutting alone can be pre-selected. These five 
cutting methods are illustrated in Fig. 3. The 
Koepfer WUMS2 was exhibited by Sidney G. 
Jones, Limited, 8 Balham-hill, London, S.W.12. 

A further hobbing machine shown by the same 
company was the Liebherr S4 high-speed gear 
hobber made by Hahn and Kolb, of Stuttgart. 
This unit, which is designed for long production 
runs, is also fully automatic and incorporates 
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Fig. 3. Normal or climb- 
cut hobbing, and longi- 
tudinal hobbing, plunge 
| longitudinal hobbing or 
y plunge cutting alone can 
ma be set by means of 
f me switches on the Koepfer 
WUMS2 hobber. (Sidney 
G. Jones Ltd.) 


Plunge Cutting Alone 
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stepless adjustment of feeds anc speeds 
P.I.V. variable speed units. Automatic ig 
shift to compensate for wear is also : 
Hob speeds up to 600 r.p.m. are Possible ay 
theoretically by, cutting speeds up to 820% 
minute, while the maximum permitted Blas 
diameter is 13} in. 
Hobbing machines were also displayed 
David Brown Industries, Limited, Machine Tog 
Division, Sherborne-street, Manchester, 34 
description of their Hydrax range appeared iy 
ENGINEERING, vol. 177, page 700, 1954, and ; 
new automatic production hobber, the 
for gears up to 30in. diameter, was exhihj 
W. E. Sykes, Limited, Manor Works, Stgj 
Middlesex (their SPH.8 high-production Machine 
incorporates many of the features, such ag aujp, 
matic hob shift and high production ‘ 
already discussed), Dowding and Doll, Limite; 
346 Kensington High-street, London, Wy 
(both vertical and horizontal models), ay 
Wickman, Limited, P.O. Box 36, Fletchamste 
highway, Coventry. The last-named co; 
showed the Lambert 82 semi-automatic uniyery 
gear hobbing machine, suitable for a wig 
range of gears, and the Lorenz FN6 heavy-dyy 
double frame hobber to which reference hg 
already been made. This can be used for hobbing 
spur and worm gears up to 234 in. in diame 
and embodies a novel programme control whic 
is said to permit automatic hobbing of batches x 
small as six components, while retaining tk 
economic advantages of high-quantity prody. 
tion. By means of this control unit it becoms 
possible both to rough and finish machine on th 
same cycle using different feeds. Roughiny 
can be carried out by conventional, and finishing 
by climb hobbing, after automatic sensitix 
feed to full tooth depth has been completed. 


GEAR SHAPING AND PLANING 


The use of a linear relative motion betwee 
tool and workpiece has an obvious application 
to the cutting of straight spur and helical gean, 
and it is not surprising that shaping and planing 
techniques are widely used for this purpos, 
Fig. 4 shows the Maxicut 2A high-speed shaper 
exhibited by Drummond-Asquith (Sales) Limited, 
King Edward Hcuse, New-street, Birmingham 

Both external and internal gears can be cu 
and also a variety of other items such as spline 
and special bores. Push-button control i 
provided and the makers claim that changeover 
from one setting to another can be effected 
rapidly. 

Similar in general principle are the range f 
Sunderland gear planers made by J. Parkinson 


Fig. 4 Shaping is a technique which can cot 

veniently be applied to gear cutting and the 

Maxicut high-speed shaper can cut straight spt 

and helical and also internal gears. (Drummont 
Asquith (Sales), Ltd.) 
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Fig. 5 The Sunderland 26 double-helical gear planer can accommodate 
work up to 52 in. in diameter. (J. Parkinson and Son (Shipley) Ltd.) 


and Son (Shipley), Limited, of Shipley, York- 
shire, but with a somewhat different cutting 
method. This can be seen from Fig. 5, which 
illustrates the Sunderland 26 double-helical gear 
planer. This machine, which can cut spur, 
spiral or double helical gears, can take work up 
to 52 in. in diameter. 

Mention has already been made of the 
Lorenz SR-O (Wickman Limited) high-speed 
short-stroke gear shaper, which can cut both 
internal and external straight and helical spur 
gears. The maximum pitch diameters accom- 
modated are 74 in. for straight spur gears, 
64 in. for helical gears, and 54 in. for internal 
gears. The SR-O shaper can be fitted with an 
automatic magazine loading and unloading 
device and also a mechanical-hydraulic quick- 
acting clamping attachment. Other additional 
features include an angled intermediate plate 
mounted between the head and the bed of the 
machine, to permit machining of gear teeth with 
angular relief, and a parallel intermediate plate 
which raises the machine head and allows 
cluster gears to be shaped. 


GEAR GRINDING 


_ Another familiar machining technique which 
is widely used for gear cutting is grinding. This 
is particularly suitable for applications requiring 
high accuracy as in the case of gears for the 
aircraft industry. Here too the value of auto- 
matic control systems has been recognised and 
the Orcutt automatic spur tooth gear grinding 





machine operates on an 
electrically controlled 
cycle which comprises 
grinding, indexing, re- 
dressing of the grinding 
wheel and reciprocation. 
Made by the Gear Grind- 
ing Company, Limited, 
Shirley, Birmingham, 
this machine is versatile 
in application since it can 
be used for cutting heavy 
traction gearing of 2 and 
even 1-75 diametral pitch 
with a commercial finish, 
and relatively fine pitch 
gears (16 diametral pitch) 


quality is essential. With 
a capacity of 24 in. dia- 
meter, it is suitable for 
grinding batches as smal! 
as 10 items or for quantity 
production. It differs 
from an earlier model, 
the H.M. 24 in., not 
only in the addition of 
an automatic control 
unit, which is shown in 
Fig. 6, but also in the use of an improved 
trimming device; both trimming and preselected 
feed rates, set with the aid of cams, are included 
in the automatic cycle. A further development 
is the fitting of plain bearings for wheel spindle, 
work spindle and motor, with the object of 
achieving better finish and accuracy. It should 
be noted that gear preparation is necessary 
prior to the grinding process. As an indication 
of the production rate possible with this machine, 
the makers state that a gear having 29 teeth 1-75 
diametral pitch and 32 in. face width can be tooth 
ground in a floor-to-floor time of 40 minutes. 
Though gear generation will be treated 
generally in a later section, the principle can be 
applied to grinding machines and the Maag 
HSS-60 BC machine, which illustrates this 
approach, can conveniently be discussed here. 
Exhibited by Burton, Griffiths and Company, 
Limited, Mackadown-lane, Kitts Green, Bir- 
mingham, 33, it is shown in Fig. 7. The involute 
tooth flanks are produced geometrically correct 
by rolling the teeth to be ground along two 
saucer-shaped grinding wheels, the rotating 
edges of which represent the flanks of a hypo- 
thetical rack. Any wear of the grinding wheels 
is automatically compensated by a readjusting 
device. The generating motion is_ usually 
obtained by accurately adjustable pitch blocks 
and bands which are not subject to wear. When 
the grinding wheels are set at 15 deg. the edge 
of each grinding wheel touches the tooth flank 
at two points; when set at 0 deg., the wheels 


Fig. 7 The Maag HSS- 
60BC gear 


machine produces gears 


grinding 


by generation. (Burton, 
Griffiths and Co. Ltd.) 


for aircraft, where high , 
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Fig. 6 Cycle control unit for Orcutt automatic 
spur tooth gear grinding machine. (Gear Grinding 
Co. Ltd.) 


touch at one point. These two possibilities allow 
the machine to be utilised to the best advantage 
both in mass production and for separate work- 
pieces Besides the generating motion, an 
axial feed motion is imparted to the workpiece, 
so that the grinding wheels touch the tooth 
flanks to be ground over the whole tooth width. 
After grinding two flanks, the feed motion is 
automatically stopped and dividing takes place. 
The feed motion is then started again. This 
process is repeated until all teeth are rough- 
ground or finish ground. Grinding is _per- 
formed dry. The HSS-60 BC is equipped with 
an automatic tip and root relief attachment 
which permits accurate grinding of corrected 
profiles which deviate from the true involute 
form on the tip and root of the tooth. The 
amount of correction is adjusted on the machine 
according to any calculated value. The normal 
generating motion is automatically altered at 
the beginning and the end of the profile by an 
adjustable correction device. The accuracy of 
this unit makes it possible to make interchange- 
able gears with tip and root relief and to reproduce 
the same form at any time. 

Another type of gear grinder is illustrated in 
Fig. 8; it is the Heligrind spur gear grinder made 
by Stuart Davis Limited, Much Park-street, 
Coventry. Designed for accurate high-speed 
work, the machine operates from a grinding 
wheel on which a single stud spiral grit is formed 
automatically by crushing. The gear tooth is 
thus generated from the basic rack form. The 
process is continuous and not interrupted by 
dividing operations. Up to and_ including 
20 diametral pitch gears can be ground from the 
















Fig. 8 The Heligrind spur gear grinder employs 
an automatic crusher for trimming the grinding 
wheel. (Stuart Davis Ltd.) 
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solid; very fine pitch gears, 64 diametral pitch, 
for instance, serrations and the like, can be 
economically ground at speeds approaching 
hobbing. On the other hand, index rings with 
straight side divisions 0-5 in. pitch, 0-25 in. 
depth, are being ground on a production basis 
after pre-cutting. A feature of the machine 
is the automatic crusher which produces a 
formed wheel with very free cutting character- 
istics. The value of this is shown in the high 
rate of stock removal which can be achieved 
without subsequent surface cracks. On this 
machine gears up to 5 in. diameter, a maximum 
diametral pitch of 14 and a minimum of 64 can 
be accommodated. 

Other gear grinding machines were exhibited 
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by the Coventry Gauge and Tool Company, 
Limited, Fletchamstead, Coventry, who showed 
among others their Matrix No. 61 grinder— 
a light machine for producing small instrument 
and fine-pitch spur gears (16 to 100 diametral 
pitch) under full production conditions—and 
Dowding and Doll Limited, who exhibited 
the Reishauer ZA gear grinding machine. This 
model employs the generating principle, has 
infinitely variable feed and can accommodate 
gears up to 12 in. in diameter. 


In a subsequent part of this article, we shall deal 
with shaving, lapping and other gear finishing 
techniques, gear generation, and testing and 
ancillary equipment. 


Equipment, Isotopes and Ideas 


Vacuum furnace—Cobalt therapy unit—Applica- 


tions of radioactive isotopes—Converting ionic 
energy into electrical energy—Fluorine disposal— 
Heat exchanger to minimise danger of contact 
between working fluids. 


Equipment 

The study of materials is a most important 
factor in the development of nuclear power. 
Metals must be found that can survive the rigours 
of concentrated radiation, high temperatures 
and contact with other, perhaps highly corrosive 
or reactive, materials. In addition, it is neces- 
sary to be able to prepare these metals with 
carefully controlled compositions, not only on 
a laboratory scale but also in adequate quantities 
for practical purposes. Research work to this 
end is being carried out at the United Kingdom 
. Atomic Energy Authority’s laboratories at 
Culcheth, near Warrington, Lancashire. 

Although vacuum casting is by no means a 
new process, its application to the preparation 
of nuclear power plant materials has given it 
fresh impetus, and a new company, Efco- 
Edwards Vacuum Metallurgy, Limited, has 
recently entered this field. Formed jointly by 
Edwards High Vacuum, Limited, of Manor 
Royal, Crawley, Sussex, and the Electric Furnace 
Company, Limited, Queens-road, Weybridge, 
Surrey, the new company has begun by develop- 
ing a range of vacuum melting and pouring 
furnaces, including a_ half-pound laboratory 
model, a 28 Ib. unit and the 56 Ib. furnace shown 
in Fig. 1. 

In the case of the laboratory model, the 
furnace pot is of stainless steel, which together 
with a mould and other equipment are sur- 
rounded by an electroplated mild-steel vacuum 
chamber. The furnace is resistance heated 
and with standrd alumina refractory lining can 
be used for melting, casting and sintering at 
temperatures up to 1,700 deg. C., or 1,800 deg. C. 
for short periods. Provision is made to permit 
working in various atmospheres, and since the 
metals treated may be radioactive a radiation 
shield encloses the refractory crucible. The 
furnace pot is pivoted on a transverse shaft 
passing through the vacuum chamber wall 
by way of rotary vacuum seals so that the 
pot may be tilted through as much as 100 deg. 
from the vertical by means of an external 
counterbalanced lever. The equipment also 
includes such features as sight glasses and a 
splash shield, and water cooling is provided 
for the lid and vacuum chamber. 

The 56 Ib. and 28 lb. furnaces are similar in 
many respects but melting may be carried out by 
high-frequency induction heating and the con- 
struction is modified accordingly. Other features 
include high-speed vapour booster pumps for 
rapid pumping in spite of evolved vapour, and a 
high-capacity air ballast mechanical pump to 
deal with any condensable vapour. Both 
versions incorporate bulk charge feeders for up 
to one-third of the total charge, which can be 
added during melting, and &% small-additions 


feeders giving a random choice of six different 
materials. The high-frequency leads are co- 
axial with and isolated from the tilting shaft 
for the furnace unit. Immersion pyrometers 
are also provided together with a safety spring- 
loaded explosion port. An interior view of the 
56 lb. model, showing the internal bulk charge 
feeder swung into position over the furnace 
unit appears in Fig. 1. 

Since the formation by the U.K.A.E.A. of the 
Technological Irradiation Group, the application 
of radio-isotopes has progressed rapidly, and 
given rise to a wide range of new equipment. 
One item, a pipe-line spider for examining circum- 
ferential pipe welds, is shown in Fig. 2. This 
unit is made by Gamma Rays Limited, Foundry- 
lane, Smethwick 40, Staffordshire, and incor- 
porates a bomb containing a radioactive source 
such as cobalt 60. The spider can be lowered 
along an inclined pipe or pushed up to 40 ft. 
along a horizontal one. A film casette is placed 
round the weld exterior and when the spider is 
in position, it is centralised by means of arms 
and the source exposed by operation of a Bowden 
cable. 

Other equipment using radioactive cobalt is 


Fig. 1 High-vacuum 
furnace of 56 Ib. capa- 
city showing bulk charge 
feeder swung into position 
over the furnace unit. 
Capable of melting, cast- 
ing and sintering in vari- 
ous atmospheres and at 
temperatures up to 1,800 
deg. C., it is well adapted 
to atomic energy applica- 
tions where metals of 
carefully controlled com- 
position are required. 
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the Newton Victor cobalt therapy unit Which j 
illustrated in Fig. 3. Made by Newton Vin. 
Limited, 132 Long Acre, London, Woon 
X-ray department of the Metropolitan.yj 
Electrical Company, Limited) and known 8S the 
Orbitron, it has been designed in close 

tion with the South Wales and Monmo; 
Radiotherapy Service, Cardiff. It Consists basic. 
ally of a protective container for the radioans 
source and an annulus providing all the : 
movements relative to the treatment table a8 can 
be seen from the illustration. 

The container is constructed in the form of two 
merged spheres approximately 23 in. and 14 in, 
in diameter. Sufficient space is provided for, 
source of 10 discs of radioactive cobalt, each 
an activity of up to 200 curies. This cylinderigal 
source is secured in a recess at the Periphery of 
a protective disc which brings the source to th. 
centre of the smaller sphere in what is termed the 
“treatment” position. In the “ protecteg” 
position the protective material Surrounding the 
source is sufficient to reduce the radiation tp 
6-25 x 10-* réntgens per hour at a distance of 
5 cm. from the outer surface of the sphere, |p 
the “‘ treatment ”’ position the protective material 
is sufficient to reduce the leakage radiation to 
2 x 10-* réntgens per second (7-2 per hour) at 
a distance of 5 cm. from the outer surface 
of the smaller sphere, which serves as a beam 
defining device. 

The source is motor driven to the treatment 
position and returned to the protected posi. 
tion by springs. Safeguards are incorporated 
to cover failure of electricity supply in any of 
the equipment and to indicate the exact posi- 
tion of the source. A beam defining device 
varies the size and shape of the beam froma 
rectangle or square down to a field 2 cm. by 
2 cm., which is indicated by a beam of light on 
the patient’s skin while the source remains in the 
** protected ” position. The motor driven annu- 
lus rotates about a horizontal axis on a floor- 
mounted yoke, and in its normal position the 
source is situated 75 cm. from the axis of the 
annulus. 

A considerable range of speeds is available, all 
constant at any given setting. Alternatively, the 
annulus can be oscillated through any pre-set 
arc in the full circle. Additional facilities are 


Fig. 2. Gamma radiography can be used to examine circumferential welds in a pipeline by means 
of a spider which carries the radioactive source through the pipe. 
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activity. For example, gold grains for therapy 
are prepared which will have a specified activity 
at the time of their use in an operation. The 
use of iridium sources for gamma radiography 
of welds, castings and pipes has increased. 

The biological applitations of irradiation in 
sterilisation and mutation are being actively 
studied. Potatoes and onions have been success- 
fully prevented from sprouting. Seeds of cereals 
and other crops have been dosed with gamma and 
neutron radiation to induce mutations. A 
number of agricultural institutions, including two 
in Italy, have sent seeds for treatment. While 
the total sterilisation of food is not yet possible 
because of the inability to avoid changes in 
flavour, success has been achieved in the study of 
radiation pasteurisation. Work on the sterilisa- 
tion of drugs has shown that antibiotics which are 
normally destroyed by heat sterilisation can be 
completely freed from bacteriological contamina- 
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tion by simple irradiation. The potency of the 
drug is not affected since virtually no rise in 
temperature takes place on irradiation. 

Many new applications of radioactive isotopes 
have been studied; a few mentioned in the report 
are* given here. Sewage pollution of beaches 
has been investigated by the introduction of 
ammonium phosphate containing radioactive 
phosphorus into a sewage pit before discharge 
into the sea off the south coast. The dispersion 
of the sewage was followed by immersed beta 
counters and the results compared with those 
obtained by adding harmless bacteria to the 
water at the same time as the phosphate, and 
growing cultures from sea water samples. It 
was shown that a joint application of the two 
techniques was more satisfactory than more 
orthodox methods used at present. Methods of 
using weak radioactive solutions to help detect 
leaks in water mains and oil pipelines, have also 
been devised. These have been used success- 
fully in lines of lengths up to 20 miles and it is 
expected that this can be extended to 100 miles 
by suitable improvements in technique. A new 
type of borehole logging has been developed in 
which a neutron source is lowered into a pipeline 
at about 1 foot distance from a scintillation 
counter. The gamma-rays detected by the 
counter will depend on the absorbing nuclides 
present in the strata and an analysis of the 
radiation will yield information on the nature of 
the strata. Reference to this technique was made 
in ENGINEERING, vol. 181, page S05 (1956), 
while general discussions of the use of radio- 
active isotopes appeared in vol. 180, page 597 
(1955) and vol. 179, page 782 (1955). 


And Ideas 

A patent specification has recently been 
published relating to an improved method of 
converting ionic energy into electrical energy, 
so providing a means of detecting and measuring 
radioactivity or other ionising radiation. Deve- 
loped by the Ohmart Corporation, 2347 Ferguson- 
road, Cincinnati 5, Ohio, U.S.A., it involves 
immersing two chemically dissimilar electrodes 
in an ion plasma formed by subjecting an 
ionisable material to radiation, and connecting 
an electrical conductor to each of the electrodes. 
The electric current or voltage generated in the 
conductor provides an index of the variable 
condition to be measured. 

If two chemically dissimilar electrodes, con- 
nected by a metallic circuit, are exposed to 
radioactivity in the presence of an ionisable gas, 
then current flows through the connecting circuit 
from one electrode to the other. It has been 
discovered that this type of circuit may be 
activated to produce current between two chem- 
ically dissimilar electrodes in the absence of 
radioactivity; that is, the same current creating 
effect is observed if the electrodes are immersed 
in an ion plasma, however created, for example, 
by irradiating an ionisable gas with ultra-violet 
light. 

Thus an instrument can be made comprising 
a cell of ionisable gas in which two dissimilar 
electrodes are immersed; this can be calibrated 
on a time basis with the aid of a known ionising 


Fig. 4 Sectional arrange- 
ment of heat exchanger 
in which an intermediate 
fluid minimises the risk 
of contact between the 
primary and secondary 


i) ; 


fluids in the event of a 


tube failure. 


==S= Intermediate Circuit 


“ENGINEERING 


221 


source and used to measure unknown ionising 
radiations. (British Pat. Spec. 748,598.) 
Fluorine is one of many materials which have 
found a new usefulness with the advent of atomic 
energy. As explained in a previous Atomic 
Review (ENGINEERING, July 20, page 91, 1956), 
uranium is converted to the hexafluoride (UF,) 
to effect separation of the isotopes uranium 235 
and uranium 238 by gaseous diffusion and other 
methods. Recently, an apparatus has been 
described for disposing of fluorine which is a 
chemically dangerous material, on a laboratory 
scale. The fluorine is burnt in a _ coal-gas 
flame and the products of combustion absorbed 
in caustic soda solution. Flow rates up to 
15 litres of fluorine per hour have been con- 
veniently handled. (G. Long. AERE C/M 260.) 
Fig. 4 shows the general arrangement in 
section of a heat exchanger patented by Foster 
Wheeler, Limited, 3 Ixworth-place, London, 
S.W.3, to minimise the risk of direct contact 
between the heat-exchanging fluids in the event 
of a tube failure. It is stated that the thermal 
efficiency of the exchanger is not impaired, and 
that leakage of either fluid can conveniently be 
detected. In the heat exchanger, one of the 
heat-exchanging fluids flows through tubes which 
are surrounded by a “ barrier” fluid having a 
high coefficient of thermal conductivity—such, 
for example, as a liquid or liquefied metal— 
through which the heat exchange takes place. 
The barrier fluid is circulated in a closed circuit 
through means for detecting the presence in it 
of one of the heat-exchanging fluids. Should a 
leak develop in one of the tubes of such an 
exchanger, the consequent flow of fluid through 
the wall of the tube will not result in intermingling 
of the two heat-exchanging fluids. If the barrier 
fluid is maintained at a lower pressure than the 
heat-exchanging fluids, the existence of a leak 
can be detected very quickly after it has 
developed. Among metals suitable for use as 
the barrier fluid are mercury and the low- 
melting-point quaternary alloys of bismuth such 
as Wood’s metal and Rose’s metal. It is to 
be understood, however, that the barrier fluid 
can be any substance of high thermal conductivity 
whether gaseous, liquid or solid at normal 
temperatures, which is fluid under the conditions 
of use and which can safely be brought into 
contact with the heat exchanging fluids. (A. Bell. 
British Pat. Spec. 748,264.) 
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ELECTRICITY SUPPLY IN CYPRUS 


The fourth annual report of the Cyprus Electricity 
Authority shows that during 1955 73-5 million 
kWh were generated, an increase of 24-2 million 
kWh over the output of the previous year. 
The number of new consumers connected was 
4,345 and the consumption rose by 34 per cent. 
in Famagusta, by 21 per cent. in Larnaca, by 
38 per cent. in Limassol, by 37 per cent. in 
Nicosia and Kyrenia and by 62 per cent. in 
Paphos. 

Financially a surplus of revenue over expendi- 
ture was shown and at the same time a small 
reduction was made in the price of electricity. 


x *k* * 


GAS BOARD TO USE SURPLUS 
REFINERY GAS 


Surplus gas from the Esso Petroleum Com- 
pany’s refinery at Fawley, near Southampton, 
will be used by households and industry in the 
district as a result of a ten-year agreement 
concluded by the Company with the Southern 
Gas Board. By the agreement a total of about 
17 million therms a year of refinery gas will be 
supplied to the Board. This, after reforming 
at Southampton, will give the equivalent of 
about 13 million therms of town’s gas each year. 
The Board is to lay a 17-mile main from the 
refinery to Southampton works to take the supply. 

As a result of the agreement the Board expects 
to save coal to the extent of 115,000 tons a year, 
and there will also be savings in the consumption 
of gas oil and heavy oil. 
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The Napier NRJ 1 ram-jet test vehicle is launched by eight solid-fuel booster rockets mounted on rings surrounding the ram-jet body. An aerofoi}. 


shaped centre body on the ram-jet air intake forms a housing for radio, telemetering equipment, fuel tanks and fuel system components. 


ram-jet burner by a ram air-driven turbo-pump. 


RAM-JET TEST VEHICLE 
NAPIER NRJ 1 


Details of the Napier ram-jet test vehicle, the 
NRJ 1, which created a British height record 
for its type earlier this year, may now be given. 
It was designed by D. Napier and Son, Limited, 
Luton, for the National Gas Turbine Establish- 
ment to obtain information in flight on fuel 
systems. 

The ram-jet comes into its own at high super- 
sonic speeds, requiring neither rotating com- 
pressors nor turbines, but developing its thrust 
. by burning fuel in the air which is compressed 
by virtue of the engine’s forward motion. 

The vehicle is accelerated to speed by rocket 
booster motors which separate in flight, the 
vehicle then carrying on under its own power. 
Information recording the performance of the 
vehicle in flight is transmitted back to base by 
means of a self-contained radio transmitter, and 
from these results the next stage of development 
is decided. The key to successful operation is to 
supply the fuel in correct proportions to the air 
flow, which is determined by the speed and 
height of the vehicle. The fuel system for the 
N.G.T. test vehicle has been developed by 
Napier, together with the test rigs required to 
reproduce conditions in flight for ground test 
purposes. Power to drive the fuel system can 
be supplied either from a cylinder of high- 
pressure nitrogen carried in the vehicle, or by 
taking ram-air into a suitable air-driven fuel 
pump. The Napier test vehicle has a light-alloy 
cast front intake ring mounted on a mild-steel 
tubular front fuselage. 

On the stainless-steel fabricated rear fuselage 
which houses air-cooled flame tubes are two light- 
alloy strong rings for boost-rocket attachment, 
one at the rear, and the forward one at the 
centre of the vehicle, dividing the front and rear 
fuselages. 

Four stabilising fins, comprising a wooden 
skeleton clad with light alloy, are mounted at 
the rear of the vehicle, two of which contain 
pyrotechnic flares to assist visual flight tracing. 

Eight solid-fuel boost motors are set in four 
pairs, each fitted with one large stabilising fin 
to stabilise the vehicle at launching because the 
centre of gravity is well aft before boost separa- 
tion. When booster-motor thrust is expended 
the entire wrap-round assembly disengages at 
the centre strong ring enabling the four pairs of 
boosters to peel backwards and fall clear. 

Additional small fins at the front of the 
boosters aid separation and provide the necessary 
lift. The air-driven fuel turbo-pump is provided 
with two forward facing ram-air intakes. The 
air exhausted from the fuel pump turbine is 
spilled overboard and shrouded to prevent back 
pressure from shock waves set up from the 
boosters. An aerofoil-shaped centre body divides 


the front fuselage into two semi-circular diffuser 
ducts. This centre body contains radio, tele- 
metering equipment, fuel tanks and components 
of the fuel system. 

Protruding from the front intake ring are 
pitot and static probes, whilst mounted on the 
outside of the vehicle are eight aerials of various 
types for transmitting information on the 
vehicles back to the launching base. 

The vehicle is approximately 20 ft. long and 
18 in. in diameter and the fuel is aviation 
kerosine. 
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RAM-JET FOR 
LONG-RANGE MISSILE 


The Bristol ** Thor” 


Great Britain now has a ram-jet engine which 
is to power a long-range guided missile, now in 
production, fully proved for service and capable, 
it is claimed, of being started with 100 per cent. 
certainty—an essential requirement for any 
weapon intended for interception. The new 
ram-jet, the Thor, has been constructed by 
Bristol Aero-Engines Limited, Filton, Bristol. 
This company, it may be recalled, operates an 
exchange of information agreement with the 


Fuel is fed to the 


Boeing Airplane Company, and the Origina 
scheme for the Thor emanated from the 
American company, but has been developed to 
operational standards by Bristol, and has now 
completed more than 200 test flights. 

No realistic performance figures may be 
quoted, for security reasons. The firm’s state. 
ment reveals only that the test vehicles, built 
by Bristol Aircraft Limited, have reached 
“heights well beyond those at which manned 
aircraft are operated.” It is generally con. 
sidered, however, that the ram-jet is not very 
efficient as a means of propulsion below speeds 
of Mach 2. 

The ram-jet cannot come into operation until 
the test vehicle has attained supersonic speed, 
and rocket booster motors are therefore used to 
launch the vehicle from a ground-based ramp 
and to accelerate it. 

Information on the speed and height of the 
test vehicles and of the engine performance and 
behaviour has been obtained by telemetering 
equipment, by ground instrumentation, and by 
cameras mounted in the test vehicle ahead of the 
engine intakes. The camera is sighted directly 
into the engine intake by means of prisms. The 
problem of getting this recording equipment 
safely back to earth has been overcome by 
arranging for a small charge to explode the 
missile at the end of its test flight. This breaks 
it into several large segments which tumble 
down to earth at a considerably slower speed 
than that at which the streamlined missile 
was travelling. 


The Bristol ,“‘ Thor” undergoing’ static test in a test cell. 
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In Parliament 


EITING THEM A TECHNICAL 
. EDUCATION 


Subjects ranging from the Suez Canal to postage 
were discussed in the debates which took 
ace at the last sitting of the House of Commons 
prior to the adjournment of Parliament until 
October 23. One of these debates, on the 
blems arising from the spreading of technical 
education, was opened by Mr. Arthur Skeffington 
(Labour), a former vice-chairman of the Further 
Fducation Committee of the London County 
Council. He began his comments by emphasis- 
ing his agreement with a statement by Sir 
Anthony Eden at Bradford in January last, in 
which the Prime Minister had said that the 
country that was likely to win the prizes was not 
going to be the country with the biggest popula- 
tion, but the country with the best system of 
education. ; 

In Britain, Mr. Skeffington said, there appeared 
to be a very serious shortage of students for 
technical courses, especially in technical colleges. 
If these courses did not attract a sufficient 
number of students of the right type, the carefully- 
prepared plans contained in the Government's 
White Paper on Technical Education (Cmd. 9703, 
H.M.S.O., price Is. 9d.) would fall to the ground, 
and that fact was clearly acknowledged in the 
document itself. He had had the opportunity 
of seeing the minutes of the London and Home 
Counties Regional Advisory Council for Higher 
Technological Education, a body which included 
the chairmen of local education authorities 
in that area and which covered a region contain- 
ing nearly eight million people and a great many 
technical colleges. Figures revealed in May 
last for the four years’ diploma course in electrical 
engineering at the Borough Polytechnic showed 
enrolments of 10, 21, 9 and 13, respectively, 
for the coming four years. For the Woolwich 
Polytechnic, there were expected to be 13 enrol- 
ments for the first year of the course and at the 
Northampton Polytechnic it had been stated that 
there was an “‘ insufficient response.”’ Represen- 
tatives from Enfield and Kingston had asked the 
Council to reconsider the matter in the autumn. 


STUDENTS FOR LE.E. EXAMINATIONS 


In respect of the Part 3 examinations of the 
Institution of Electrical, Engineers, enrolments 
for part-time courses at technical colleges in 
London and the home counties were unlikely 
to be more than 12 in 1956-57. Enrolments 
for 1957-58 were not expected to exceed 60 
and, for 1958-59, were not expected to be more 
than a hundred. It appeared that there would 
be only one sandwich diploma course, throughout 
the whole region, in the very important subject of 
chemical engineering. A London polytechnic 
was now closing its course for the ordinary 
national diploma in building, just as the Southend 
Municipal College had done already, presumably 
through lack of students. 

The position regarding sandwich diploma 
courses in applied chemistry was equally unsatis- 
factory, according to reports from the South-East 
Essex Technical College, the Woolwich Poly- 
technic, and elsewhere. The Government had 
said they proposed to raise the capacity of 

courses at technical colleges from 
9,500 to 15,000 but, as far as he could see, about 
8000 of the 9,500 students said to exist now 
must be part-time or evening students. 


FEWER FULL-TIME STUDENTS 


One reason why the response was so poor 
might be that technical colleges had only an 
inferior status in the minds of some people, 
and these wished to get their young folk to 
attend institutions having university rank. Out 
of 125 State technical scholarships available in 
1955-56, only 103 were accepted, and it 
appeared that all but 13 of these were to be 
taken up at universities. 

Suggestions were put forward by Mr. Skeffing- 
‘on that the grant of £240 for sandwich courses 





should be improved, that assistance might be 
given to small firms, to enable them to release 
their employees for study, that the Government 
should encourage their own professional staffs 
to take advantage of sandwich courses, and that 
more young people should be encouraged to stay 
longer at school. 

In reply, Mr. Dennis Vosper, the Parliamentary 
Secretary to the Ministry of Education, agreed 
that it was vital that the provision of technical 
colleges, and the supply of teachers and students, 
should keep pace with one another. He had no 
evidence that they were not. He would not wish 
to contradict the figures quoted. but he had a 
set which, to some extent, showed the opposite. 
At eight polytechnics in the London area, mainly 
responsible for full-time advanced courses in 
engineering and science, there had been a 
decline in students, from 6,307 in 1949-50 to 
5,482 in 1954-55, but the numbers attending 
part-time day courses had increased from 
6,888 in 1949-50 to 9,766 in 1954-55. 

As to the maintained technical colleges, 
mainly doing part-time work at senior level, 
there had been a small decrease in full-time 
students, but a considerable increase in the 
numbers doing part-time day release work, and 
in evening students. In 1954~55, students taking 
sandwich courses in electrical engineering in 
London numbered 125, an increase of 82 on the 
previous year, and, for 1955-56, that total would 
be doubled. In 1954—55, there were 170 students 
at six sandwich courses in mechanical and 
production engineering, and last year the 
number increased to 249 for the same courses. 
The number of State technical scholarships had 
been raised to 150 and would be further increased 
as more students were available. The financing 
of students taking sandwich courses was difficult 
but further advice would be given by the Minister 
of Education shortly. 


AUTOMATION PROBLEMS 


Mr. Robert Carr, the Parliamentary Secretary 
to the Ministry of Labour and National Service, 
told the House that the question of automation 
had been considered by the Ministry’s National 
Joint Advisory Council on July 25. That body 
was in general agreement with the conclusions 
contained in the report by the Department of 
Scientific and Industrial Research, that automa- 
tion had not caused any serious unemployment 
problems so far and was not likely to create 
unmanageable problems in the future. The 
three sections of the Council, representing the 
Ministry of Labour, the employers, and the 
trade unions, were continuing their examina- 
tion of the problems involved, and discussions 
would be resumed at a later meeting. Further, 
on July 4, Mr. Peter Thorneycroft, the President 
of the Board of Trade, had had a discussion on 
automation with the Board’s Engineering 
Advisory Council. Members of that Council 
from both sides of industry had welcomed a 
proposal to make inquiries about the adoption 
of new production techniques and the avail- 
ability of special equipment, and these inquiries 
were accordingly being put in hand. Similar 
discussions, Mr. Carr said, had also taken place 
with other advisory bodies in the engineering 
field. 

Mr. Ellis Smith (Labour), who had raised the 
matter, said he had heard great appreciation 
expressed regarding those joint discussions. 
He felt, however, that the immediate issue 
centred around the question of the short time 
which was having to be worked in certain 
industries which were preparing to adopt 
automation. Another point was whether the 
Government were intending to take any action 
on the lines of the United States Government’s 
report on Automation and Technological Change. 
Mr. Alfred Robens (Labour), a former Minister 
of Labour, suggested that probably greatest 
revolution which the application of electronics 
to industry would make would be among 
clerical workers. He inquired whether careful 
consideration was being given as to what action 
the Ministry would be likely to take when 
large numbers of clerical employees came to 
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be displaced by the new machinery for clerical 
work, as would certainly be the case. 

In answer to these points, Mr. Carr said that 
the Minister of Labour, Mr. Iain Macleod, was 
considering the report of the United States 
Government. He felt, however, that he should 
emphasise that it was the Government’s view, 
and, he believed, the view of the two sides of 
industry as well, that the short time to which 
reference had been made was not significantly 
attributable to automation. There was con- 
siderable point in what had been said about the 
impact of automation on the work of clerical 
employees. The Government was in no way 
treating automation with complacency of any 
kind. The British Employers’ Confederation 
had set up a special committee to consider the 
subject in all its aspects. The Trades Union 
Congress was working through its economic and 
production committees, and, from the fact that 
all these discussions were taking place, it was 
evident that there was no laziness on the subject. 


Nuclear Reactors for Research 


Surgeon Lieutenant-Commander R. F. B. 
Bennett (Conservative) asked the Chancellor 
of the Exchequer for information as to the 
arrangements he was making to equip technical 
colleges and universities with nuclear reactors 
for research and training purposes as required. 
Dr. Bennett also desired to know which of these 
bodies had shown an interest in equipping 
themselves in this way. In reply, Mr. Henry 
Brooke, the Financial Secretary to the Treasury, 
reminded the House that nuclear reactors were 
very large and costly installations and that it 
would not be an economical arrangement for 
individual technical colleges or universities to 
possess their own. Nevertheless, consideration 
was being given to the possibility of making 
arrangements under which members of the 
teaching staffs and suitably qualified students 
from universities and elsewhere might have access 
to a reactor specially provided for training. 


Water for Nuclear Power Stations 


Developments in the nuclear power field add 
to local demands for supplies of fresh water 
and fears are sometimes expressed that these 
additional requirements will jeopardise the 
amounts of water available for residents. 
Mr. A. B. C. Harrison (Conservative) raised this 
problem and inquired what arrangements were 
being made to provide the necessary quantities 
of fresh water for the nuclear power station at 
Bradwell-on-Sea, and what effect the construc- 
tion of the new power station would have on the 
supplies received by residents in the area, which 
were already inadequate for their needs. In 
reply, Mr. Duncan Sandys, the Minister of 
Housing and Local Government, said that it 
was suggested that the Southend Water Company 
should provide a bulk supply, from the Han- 
ningfield Reservoir, to the Maldon Rural 
District Council, which was the water under- 
taking for the Bradwell area. He was satisfied 
that local supplies would not be jeopardised. 


Essex Water Supply Inquiry 


On the general question of supplies of water 
in Essex, Mr. John Biggs-Davison (Conserva- 
tive) drew the Minister’s attention to the increases 
in demand which were taking place and asked 
for information respecting any schemes which 
were being prepared to meet it. Mr. Sandys 
said that a survey had been conducted by one 
of the engineering inspectors of the Ministry of 
Housing and Local Government. A summary 
of his report would be circulated, accompanied 
by the Ministry’s recommendations. 


Britannia Aircraft for B.O.A.C. 

The Minister of Transport and Civil Aviation, 
Mr. Harold Watkinson, informed the House that 
no specific number of Britannia aircraft had 
been ordered by the British Overseas Airways 
Corporation for its United Kingdom to South 
America service. He understood, however, that 
the 18 long-range Britannia aircraft which the 
Corporation had on order were intended to 
provide for that and other services. 
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THE HUMAN 
ELEMENT 


Industrial fund for education—U.K. jobs for 
coloured immigrants—Compensation for redundant 
workers—The Unions and industrial efficiency— 
Making industry “accident free ’’—Crewing 
Diesel and electric locomotives. 


2 


Gift for Learning 


The income tax authorities have forced a wealthy 
industrialist’s money from welfare to education. 
The Charles Colston Trust, formed in 1948, by 
Sir Charles Colston to benefit employees and 
former employees of the Hoover company, has 
been wound up and its assets, some £300,000 
transferred to Lady Colston. A new trust has 


now been formed for the benefit of four educa- . 


tional institutions: New Hall, Cambridge Uni- 
versity; Bristol University; Colston’s School 
Bristol and Stowe School, Buckingham. Sir 
Charles went to Colston’s School, his son to 
Stowe and there is a family link with Bristol 
University. New Hall was founded in 1954 for 
women students. 

The winding up of the Charles Colston Trust 
was due to a ruling that Sir Charles was liable 
to surtax on its entire income, because his wife, 
who had helped him when he was Chairman and 
Managing Director of the Hoover Company, 
came under the category of “ ex-employee.” 
The tax authorities therefore ruled that she was 
a possible beneficiary of the trust and her 
husband liable for tax on the trust’s income: 
“ this liability .. . wiped out the entire income of 
. the trust and there appeared no way of rendering 

it effective in the future.’ The nonsense of it 
all is that Lady Colston could have kept the 
entire capital sum for herself had she wished to 
do so. 

This is a continuation of a post-war trend for 
industrial funds to flow into education. Lord 
Nuffield and Imperial Chemical Industries are 
two major donors. This could make Britain’s 
educational institutions the most richly endowed 
in the world, partly because industry recognises 
the need, partly because it is one way left to the 
very wealthy to place his funds out of reach of 
the tax collector. 
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Jobs for Coloured Workers 


The principle of last in, first out is time- 
honoured in British industry. It may yet have 
a serious impact on West Indians recently 
arrived to work in this country. There are 
reports especially from the Midlands that it is 
becoming increasingly difficult to find jobs for 
coloured workers. 

It is clearly imperative to keep this situation 
under constant review. It has important implica- 
tions for the Commonwealth. The fact must be 
faced that these people have a decreasing 
prospect of getting employment in a time of 
deflation (the object after all is to shift skilled 
and semi-skilled men in the main) while those 
already in jobs are marginal. They come, 
however, of a cheerful, insouciant race who will 
not quickly be put off by scare stories about 
unemployment across the sea and there is not 
likely to be a noticeable fall away in immigrants 
until serious damage has been done if the law 
of supply and demand is to work itself out 
unaided in this part of the labour market. On 
the supply side in this case, the term ‘“* casual 
labour ”’ is a gross under-statement. 

These people are British subjects. They 
therefore have certain rights in this country, 
one of which is to compete in the labour market 
If this problem is not handled with care it could 
be the beginning of a racial problem on a serious 
scale once unskilled white workers began to 
suspect that they were being ousted from jobs 
by coloured labour. It has to be remembered 


too that it is one thing to get large bands of 
immigrants into this country with their slender 
savings and boundless optimism. It will be 
quite another to get them out. 
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Settlement at B.M.C. 


This week-end the unions claimed a victory over 
the B.M.C. management. The principle of com- 
pensation for redundant workers has _ been 
admitted and the necessity for prior consultation 
with workers’ representatives publicly recognised. 
Yet Mr. Jack Williams, an official of the 
T. & G.W.U. and the Chairman of the Bir- 
mingham Central Dispute Committee found it 
necessary to say: ‘‘ We are most anxious that 
there should be no recriminations as a result of 
the dispute.” Recriminations by whom, and 
for what? 

The terms of the settlement are (1) compensa- 
tion is to be paid at the rate of one week’s pay 
for workers with three or more years’ service, 


‘and two week’s pay for those with ten or more 


years’ service. (2) Local union representatives 
are to examine with the B.M.C. the possibility 
of finding vacancies for some of the dismissed 
workers and (3) there will be consultations 
between the management and the unions in any 
future cases of redundancy. The unions pressed 
for compensation for all 6,000 dismissed workers, 
but only about one-quarter qualify for compensa- 
tion, and the amount to be paid out by the 
company is unlikely to exceed £20,000. This 
may well be thought a meagre reward for a 
major strike, even if only about half the workers 
backed their leaders. 

Clearly, the unions regard the settlement as 
only a first step towards a satisfactory procedure 
to deal with redundancy, hence their claim that 
it will “mark a turning point in industrial 
relations in the engineering industries.” It is 
also a very satisfactory ‘“* face-saving”’ com- 
promise, which has allowed a most unpopular 
strike to be ended on “ honourable” terms. 
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Motor Vehicles Under Union Scrutiny 


A union’s concern with the efficiency of an indus- 
try is something novel in this country. In the 
U.S. for at least two decades now it has been 
the practice of large unions to run their own 
organisations of “efficiency experts.” If a 
company cannot match the terms of a wages 
contract which the unions have successfully 
negotiated with another, then the suggestion 
that the efficiency should be raised—with union 
help if necessary—is made by the union officials. 
The whole basis of this approach is the individual 
company; in Britain the usual well-trodden 
path is towards national agreements between 
the union or confederation of unions and the 
employers’ organisation concerned. 

The report released last week by the Confedera- 
tion of Shipbuilding and Engineering Unions 
does not wholly break with tradition. The 
industry-wide approach is still there. But the 
accent is on efficiency and on the means to pro- 
mote it. “It is essential that the British motor- 
car industry should show itself ready to adopt the 
most up-to-date methods of production, including 
the use of transfer machines and other auto- 
matic methods.” There is no fear that auto- 
mation of motor factories is against the workers’ 
interests. On the contrary, their leaders feel 
it is the best insurance against unemployment. 

The report has been prepared for submission 
to Mr. Thornycroft, the President of the Board 
of Trade, when the Confederation’s representa- 
tives meet him to urge a fact-finding inquiry 
into the industry. The industry’s expansion 
plans are criticised as perhaps unjustified “in 
view of the difficulties of the industry,” but 
optimistic and ambitious programmes are deemed 
better than over-cautious ones. Home demand 
is considered to be industry’s best hope of large 
scale expansion, and cheaper motoring is 
advocated in the way of reduced purchase tax, 
petrol duty and motor licence fees. Mr. 
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Thorneycroft will find that the Confeds 
have hit many nails very straight on the 
but may not for all that be able to do 
about their requests. 
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Stopping Accidents 


The annual reports of the Inspectors of Fag 
continue to emphasise the large toll whi 
exacted each year by industrial accidents 
judge from the figures, the industrial 
munity is about as responsive to these gs 
reminders as is the general public to propag: 
about the carnage on the roads. The Fag 
Department of the Ministry of Labour jay. 
recently issued a new pamphlet on “ Accidenis_ 
How they Happen and How to Prevent Them® | 
This publication deals with typical types 
accident and with the use of diagrams, ong 
limited scale, it illustrates how they could hay 
been avoided. ie 

Pamphlets of this kind are useful but they are, 
of course, only a beginning. If accidents are tp 
be prevented, there must be a consciousness 
the need to take precautions at the top level gf 
management, an attitude of mind which an | 
percolate down. It is not by any means 
management’s fault that accidents occur, hy 
unless there is a willingness to do h 
about it at the top (as in similar risks like fig 
hazards) there will be no improvement cy 
significant scale in the official national <a 
statistics. 

Accident prevention needs also a 
approach. Official tables of accident rates 
long stretches of prose, though very worthy 
often well done of their kind, are too s C 
in their impact on an industrial world 
already is plagued with a mass of paper to 
Charts and diagrams are the best way 
approach provided they are interesting without 
being lurid or sensational. Much good work fas” 
already been done in many factories with 
charts and drilling key personnel in ng 
routine accidents, such as_ electrical 
among maintenance electricians, but 
remains to be done. : 
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Feather-Bed Locomotives 


The term “ feather bedding ” has crept gradually 
into the language of management-labour rela 
tions. Its currency has been widened by f 

now famous activities of the United States 
railway brotherhoods in insisting on antiquated 
manning establishments on new locomotive, 

especially on Diesel locomotives. It has bea 
widened further still by the infuriated and largely 
unsuccessful advertising of the problem by the 
railroad companies in the American Press. 

It now seems to have joined the crew-cut amd 
horror comic in the long list of undesi 
imports from that country into this. In the 
latest issue of Railway Review, the N.U.R. have 
announced that they have rejected a p 
from the British Transport Commission that 
principle there shall be only one man on 
footplate of the new Diesel and electric 
motives. They say it is not conducive to 
working. They no doubt also think that ty 
have stolen the men of A.S.L.E.F’s clothilg 
while they are in bathing. _ 

It is evident that the maximum gaif for 
efficiency should be sought by the B.T.C. im 
huge modernisation programme and it had 
expected that sometime in the earlier stages 
principle of manning must be established 
new locomotives. At present, one maa B- 
employed when an engine is part of a Coat 
(as on the Southern Region) but two men are Us 
when the Diesel is a unit on its own as On H& 
Manchester-Sheffield run. It would be dm 
to establish the right efficient principle and 
the maximum flexibility in interpreting it Gum 
the early years, but this does not appeal tom 
union. It may be, of course, that the ! 
of the footplate men and slower recruitment Wi 
provide the decisive factor when the time 














